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TRI-SUBSTITUTED IMIDAZOLES HAVING MULTIPLE THERAPEUTIC PROPERTIES 

This invention relates to a novel group of imidazole compounds, processes for 
the preparation thereof, the use thereof in treating C3rtokine mediated diseases and 
10 pharmaceutical compositions for use in such therapy. 

BACKGROUND OF TBE JNVENTIQN 

Interleukin-1 (IL-1) and Tumor Necrosis Factor (TNF) are biological 
substances produced by a variety of cells, such as monocytes or macrophages. IL-1 has 

15 been demonstrated to mediate a variety of biological activities thought to be important 
in immunoregulation and other physiological conditions such as inflammation [See, 
e.g., Dinarello et al.. Rev. Infect Disease . ^,51 (1984)]. The myriad of known 
biological activities of IL- 1 include the activation of T helper cells, induction of fever, • 
. stimulation of prostaglandin or coUagenase production, neutrophil chemotaxis, 

20 induction of acute phase proteins and the suppression of plasma iron levels. 

There are many disease states in which excessive or unregulated 1 
production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other 
acute or chronic inflammatory disease states such as the inflammatory reaction induced 

25 by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis, muscle 

degeneration, cachexia, psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout, 
traumatic arthritis, rubella arthritis, and acute synovitis. Recent evidence also links 
IL-1 activity to diabetes and pancreatic B cells. 

Dinarello, J. Clinical Immunology. 5 (5), 287-297 (1985), reviews the 

30 biological activities which have been attributed to IL- 1. It should be noted that some of 
these effects have been described by others as indirect effects of IL-1. 

Excessive or unregulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 
spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic 

35 shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoisosis, bone resorption diseases, reperfusion injury, graft vs. host 
reaction, allograft rejections, fever and myalgias due to infection, such as influenza, 
cachexia secondary to infection or malignancy, cachexia, secondary to acquired 
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immune deficiency syndrome (AIDS). AIDS. ARC (AIDS related complex), keloid 
formation, scar tissue formation, Crohn's disease, ulcerative colitis, or pyiesis. 

AIDS results from the infection of T lymphocytes with Human 
Immunodeficiency Virus (HIV). At least three types or strains of HIV have been 
5 identified, i.e., HIV-1, HIV-2 and HIV-3. As a consequence of HIV infection, T-cell 
mediated immunity is impaired and infected individuals manifest severe opportunistic 
infections and/or unusual neoplasms. HIV entry into the T lymphocyte requires T 
lymphocyte activation. Other viruses, such as HIV-1 , Hiy-2 infect t lymphocytes 
after T CeU activation and such virus protein expression and/or repUcation is mediated 

10 or maintained by such T cell activation. Once an activated T lymphocyte is infected 
with HIV , the T lymphocyte must continue to be maintained in an activated state to 
permit HIV gene expression and/or HIV replication. Monokines, spedficaUy TNF, are 
impUcated in activated T-ceU mediated HIV protein expression and/or virus repUcation 
by playing a role in maintaining T lymphocyte activation. Therefore, interference wifli 

15 monokine activity such as by inhibition of monokine production, notably TNF, in an 
HIV-infected individual aids in limiting the maintenance of T ceU activation, tiiercby 
reducing tiie progression of HIV infectivity to previously uninfected cells which results 
in a slowing or elimination of flie progression of immune dysfunction caused by HTV 
infection. Monocytes, macrophages, and related cells, such as kupffer and glial cells, 

20 have also been implicated in maintenance of the HIV infection. These cells, like 
T-cells, are targets for viral replication and the level of viral replication is dependent 
upon tiie activation state of tiie cells. [See Rosenberg £Lal., The Imraunopathogenesis 
of HIV Infection, Advances in Immunology, Vol. 57, (1989)]. Monokines, such as 
TNF, have been shown to activate HIV replication in monocytes and/or macrophages 

25 [See PoU, £tjL Proc. Nafl. Acad. Sd., 87:782-784 (1990)], therefore, inhibition of 
monokine production or activity aids in limiting HIV progression as stated above for 
T-cells. 

TNF has also been implicated in various roles witix other viral infections, such 
as the cytoraegaUa virus (CMV), influenza virus, and the herpes virus for simUar 

30 reasons as those noted. 

Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in 
1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts, 
endothelial cells, and keratinocytes. Its production from endotiieUal cells is induced by 
IL-1, TNF. or Upopolysachhaiide (LPS). Human IL-8 has been shown to act on 

35 Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been 
applied to IL-8, such as neutrophil attractant/activation protein-1 (NAP.-l), monocyte 
derived neutrophil chemotactic factor (MDNCF), neutrophil activating factor (NAF), 
and T-cell lymphocyte chemotactic factor. 
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IL-8 Stimulates a number of functions in vitro. It has been shown to have 
chemoattractant properties for neutrophils, T-lymphocytes, and basophils. In addition 
it induces histamine release from basophils from both normal and atopic individuals as 
well as lysozomal enzyme release and respiratory burst from neutrophils. IL-8 has also 
5 been shown to increase the surface expression of Mac-1 (CDl lb/CDI8) on neutrophils 
without de novo protein synthesis, this may contribute to increased adhesion of the 
neutrophils to vascular endothelial cells. Many diseases are characterized by massive 
neutrophil infiltration. Conditions associated with an increased in IL-8 production 
(which is responsible for chemotaxis of neutrophil into the inflammatory site) would 

10 benefit by compounds which are suppressive of IL-8 production. 

IL-1 and TNF affect a wide variety of cells and tissues and these cytokines as 
well as other leukocyte derived cytokines are important and critical inflammatory 
mediators of a wide variety of disease states and conditions. The inhibition of these 
cytokines is of benefit in controlling, reducing and alleviating many of these disease 

15 states. 

There remains a need for treatment, in this field, for compounds which are 
cytokine suppressive anti-inflammatory drugs, i,e. compounds which are capable of 
inhibiting cytokines, such as ILr 1, ILr6, IL-8 and TNF. 

20 SUMMARY OF THE INVENTION 

Hiis invention relates to the novel compounds of Formula (I) and 
pharmaceutical compositions comprising a compound of Formula (I) and a 
pharmaceutically acceptable diluent or carrier. 

This invention also relates to a method of inhibiting cytokines and the treatment 
25 of a cytokine mediated disease, in a mammal in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Formula (I). 

This invention more specifically relates to a method of inhibiting the production 
of IL-1 in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I). 
30 This invention more specifically relates to a method of inhibiting the production 

of IL-8 in a mammal in need thereof which comprises administering to said mammal 
an effective amount of a compound of Formula (I). 

This invention more specifically relates to a method of inhibiting the production 
of TNF in a mammal in need thereof which comprises administering to said mammal 
35 an effective amount of a compound of Formula (I). 

Accordingly, the present invention provides a compound of Formula (I): 
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Rl is 4-pyridyl, pyrimidinyl, quinolyl, isoquinolinyl, quinazolin^-yl, 1-imidazolyl or 
l-benzimidazolyl, which heteroaryl ring is optionally substituted with one or two 
substituents each of which is independoitly selected from C1-4 alkyl, halogen, 
hydroxyl. Cm alkoxy, Cm alkylthio, Cl-4 alkylsulfinyl, CH2OR12, NR10R2O. 
or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally 
contains an additional heteroatom selected from oxygen, sulfur or NR15; 

R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally 

substituted by one or two substituents, each of which is independently selected, and 
which, for a 4-phenyl, 4-naphth-l-yl, 5-naphth-2-yl or 6-naphth-2-yl substitiuent, 
is halogen, cyano, nitro, -C(Z)NR7Ri7, -C(Z)0Ri6. -(CRl0R20)mCORi2, -SR5, 
-SOR5, -OR12, halo-substituted-CM alkyl, e 1-4 alkyl, -ZC(Z)R 12, 
-NRlOC(Z)Ri6, or -(CRioR20)mNRloR20 and which, for other positions of 
substitution, is halo, cyano, -C(Z)NRi3Ri4, -C(Z)0R3, -(CRioR20)mCOR3, 
-S(0)mR3. -OR3, halo-substituted-Ci-4 alkyl, -Cm alkyl, 
-(CRi0R20)raNRl0C(Z)R3, -NRioS(0)mR8. -NRl0S(O)in'NR7Rl7, -ZC(Z)R3 
or -(CRioR20)mNRi3Rl4; 

R2 is Ci-io alkyl N3, -(CRioR20)n* OR9, heterocyclyl, heterocyclylCi-io alkyl, 
Ci-ioalkyl. halo-substituted Ci-io alkyl, C2-IO alkenyl, C2-IO alkynyl, C3.7 
cycloalkyl, Cs-VcycloalkylCi-io alkyl, C5-7 cycloalkenyl, 
C5-7cycloalkenyl-Ci.io-alkyl, aiyl, aiylCi-io alkyl. heteroaryl, 
heteroaryl-Ci-io-alkyl. (CRioR20)nORli, (CRioR20)nS(0)mRl8. 
(CRi0R20)nNHS(O)2Rl8,(CRi0R20)nNRl3Rl4,(CRl0R20)nNO2, 
(CRioR20)nCN, (CRioR20)n'S02Rl8. (CRioR20)nS(0)ra'NRi3Rl4. 
(CRioR20)nC(Z)Rii. (CRioR20)nOC(Z)Rii, (CRioR20)nC(Z)ORii, 
(CRioR20)nC(Z)NRi3Ri4, (CRioR20)nC(Z)NRi 1OR9, 
(CRioR20)nNRlOC(Z)Ri 1. (CRioR20)nNRloC(Z)NRi3Ri4, 
(CRioR20)nN(OR6)C(Z)NRi3Ri4,(CRioR20)nN(OR6)C(Z)Rii, 

(CRioR20)nC(=NOR6)Rii,(CRioR20)nNRioC(=NRi9)NRi3Rl4. 
(CRioR20)nOC(Z)NRi3Ri4, (CRioR20)nNRloC(Z)NRi3Ri4, 

(CRioR20)nNRioC(Z)ORio, 5-(Ri8)-l,2,4-oxadizaol-3-yl or 
4-(Ri2)-5-(Ri8Ri9)-4,5-dihydro-l,2,4-oxadiazol-3-yl; wherein the aryl, arylalkyl, 
heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be 
optionally substituted; 
n is an integer having a value of 1 to 10; 
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n' is 0, or an integer having a value of 1 to 10; 
m is 0, or the integer 1 or 2; 
Z is oxygen or sulfur; 
m' is 1 or 2, 

5 R3 is heterocyclyl, heterocyclylC i- lo alkyl or Rg; 

R5 is hydrogen, Ci-4 alkyl, C2-4 alkenyl, C2-4 alkynyl or NR7R17, excluding the 

raoeities -SR5 being -SNR7R17 and -SOR5 being -SOH; 
R6 is hydrogen, a pharraaceutically acceptable cation, Ci-io alkyl, C3-7 cycloalkyl, 
aryl, arylCi^ alkyl, heteroaryl, heteroarylalkyl, heterocyclyl, aroyl, or Ci-io 
10 alkanoyl; 

R7 and Rl7 is each independently selected from hydrogen or Ci -4 alkyl or R7 and R17 
together with the nitrogen to which they are attached form a heterocyclic ring of 5 
to 7 members which ring optionally contains an additional heteroatora selected 
from oxygen, sulfur or NR15; 
15 Rg is Ci-io alkyl, halo-substituted Ci-io alkyl, C2.IO alkenyl, C2-IO alkynyl, C3.7 
cycloalkyl, C5-7 cycloalkenyl, aryl, arylCi-io alkyl, heteroaryl, heteroarylCi-io 
alkyl, (CRioR20)nORll, (CRioR20)nS(0)mRl8. (CRl0R20)nNHS(O)2Rl8. 
(CRl0R20)nNRl3Rl4; wherein the aryl, arylaikyl, heteroaryl, heteroaryl alkyl 
may be optionally substituted; 
20 R9 is hydrogen, -C(Z)Rii or optionally substituted Cmo alkyl, S(0)2Rl8. optionally 
substituted aryl or optionally substituted aryl-Ci.4 alkyl; 
RlO and R20 is each independently selected from hydrogen or C1-4 alkyl; 
Rll is hydrogen, Cmo alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Ci-ioalkyl, 
aryl, arylCi-io alkyl, heteroaryl or heteroarylCi-io alkyl; 
25 R12 is hydrogen or R16; 

Rl3 and R14 is each independently selected from hydrogen or optionally substituted 
Ci-4 alkyl. optionally substituted aryl or optionally substituted aryl-C 1-4 alkyl, or 
together with the nitrogen which they are attached form a heterocyclic ring of 5 to 7 
members which ring optionally contains an additional heteroatom selected from 
30 oxygen, sulfur or NR9 ; 
Rl5 is RlO or C(Z)-Ci-4 alkyl; 

RI6 is Ci-4 alkyl, halo-substituted-Ci.4 alkyl, or C3.7 cycloalkyl; 
Rig is Ci-iO alkyl, C3-7 cycloalkyl, heterocyclyl, aryl, arylaikyl, heterocyclyl, 
heterocyclyl-Ci-loalkyl, heteroaryl or heteroarylalkyl; 
35 Ri9 is hydrogen, cyano. Cm alkyl, C3.7 cycloalkyl or aryl; 
or a pharmaceulically acceptable salt thereof. 
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DETAILED DESCRTPTrnT^ n v THE TNrVKNTrnTJ 

The novel compounds of Formula (I) may also be used in association \yith the 
veterinary treatment of mammals, other than humans, in need of inhibition of cytokine 
inhibition or production. In particular, cytokine mediated diseases for treatment, 
5 therapeutically or prophylactically, in animals include disease states such as those 
noted herein in the Methods of Treatment section, but in particular viral infections. 
Examples of such viruses include, but are not limited to, lentivirus infections such as, 
equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi virus or 
retrovirus infections, such as but not limited to feline immunodeficiency virus (FTV), 
10 bovine immunodeficiency virus, or canine immunodeficiency virus or other retroviral 
infections. 

In Formula (I), suitable Ri moieties includes 4-pyridyl, 4-pyrimidinyl, 4- 
quinolyl, 6-isoquinolinyl, 4-quinazolinyI, 1-imidazolyl and l-benzimidazolyl, of which 
the 4-pyridyl, 4-pyriraidinyl and 4-quinolyl are preferred. More preferred is an 

15 optionally substimted 4-pyrimidinyl and an optionally substituted 4-pyridyl, and most 
preferred is the an optionally substituted 4-pyrimidinyl ring. 

Suitable substituents for the Ri heteroaryl rings are C1.4 allg^l, halo. OH, Cm 
alkoxy, C1-4 alkylthio. Cm alkylsulfinyl, CH2OR12, NR10R20, or anN-heterocyclyl- 
ring which ring has fi-om 5 to 7 members and optionally contains an additional 

20 heteroatora selected from oxygen, sulfur or NR15. A preferred substituent for all Ri 
moieties is Cm alkyl, in particular methyl, and NR10R2O, preferably where Rio and 
R20 are hydrogen or methyl, more preferably Rio and R20 are hydrogen. A more 
preferred substituent is the NR10R20 moiety. Prefened ring placement of the Ri 
substituent for on the 4-pyridyl derivative is the 2-position, such as 2-methyl-4 pyridyl. 

25 Preferred ring placement on the 4-pyrimidinyl is also at the 2-position, such as 2- 
methyl-pyrimidine or 2-amino pyrimidine. 

Suitably, R4 is phenyl, naphA-l-yl or naphth-2-yl, or a heteroaryl, which is 
optionally substimted by one or two substituents. More preferably R4 is a phenyl or 
naphthyl ring. Suitable substimtions for R4 when this is a 4-phenyl, 4-naphdi- 1-yl, 5- 

30 naphth-2-yl or 6-naphth-2-yl moiety are one or two substituents each of which are 
independently selected from halogen, -SR5, -SOR5, -0R6, CF3, or 
-(CRioR20)mNRlOR20. and for other positions of substimtion on these rings 
preferred substitution is halogen, -S(0)mR3, -OR3, CF3, -(CRioR20)mNRl3Rl4, 
-NRloC(Z)R3 and -NRioS(0)niR3. Preferred substituents for the 4-position in phenyl 

35 and naphth-l-yl and on the 5-position in nq)hth-2-yl include halogen, especially fluoro 
and chloro and -SR5 and -SOR5 wherein R5 is preferably a C 1-2 alkyl, more 
preferably methyl; of which the fluoro and chloro is more preferred, and most 
especially preferred is fluoro. Preferred substiments for the 3-position in phenyl and 
naphth-l-yl rings include: halogen, especially fluciro and chloro; -OR3, especially Cm 
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alkoxy; CF3, NR10R2O. such as amino; -NRioC(Z)R3, especially -NHCO(Ci.io 
alkyl); -NRioS(0)niR8» especially •NHS02(Ci-io alkyl), and -SR3 and "SOR3 
wherein R3 is preferably a Ci-2 alkyl, more preferably methyl When the phenyl ring 
is disubstituted preferably it is two independent halogen moieties, such as fluoro and 
5 chloro, preferably di-chloro and more preferably in the 3,4-position, 

Preferably, the R4 moiety is an unsubstituted or substituted phenyl moiety. 
More preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or 
substituted at the 3-position with fluoro, chloro, C1-4 alkoxy, methane-sulfonamido or 
acetaraido, or R4 is phenyl di-substituted at the 3,4-posLtion with chloro or fluoro, more 
10 preferably chloro. Most preferably R4 is a 4-fluorophenyl. 

In Formula (I), suitably Z is oxygen. 

Suitably, R2 is Ci-io alkyl N3, -(CRioR20)n' OR9, heterocyclyl, 
heterocyclylCi-io alkyl, Ci-ioalkyl, halo-substituted Ci-io alkyl, C2-IO alkenyl, C2. 
10 alkynyl, C3-7 cycloalkyl, C3-7cycloalkylCi-io alkyl, C5-7 cycloalkenyl, C5-7 

15 cycloalkenyl Ci-io alkyl, aryl, arylCi-io alkyl, heteroaryl, heferoarylCi-io alkyl, 
(CRioR20)nORll, (CRioR20)nS(0)mRl8, (CRl0R20)nNHS(O)2Rl8. 
(CRl0R20)nNRl3Rl4. (CRl0R20)nNO2, (CRioR20)nCN, (CRioR20)n'S02Rl8, 
(CRi0R20)nS(O)m*NRl3Rl4, (CRl0R20)nC(Z)Rll, (CRl0R20)nOC(Z)Ri 1, 
(CRioR20)nC(Z)ORii, (CRioR20)nC(Z)NRi3Rl4, (CRlOR20)nC(Z)NRiiOR9, 

20 (CRi0R20)nNRloC(Z)Rii,(CRl0R20)nNRl0C(Z)NRl3Rl4. 

(CRl0R20)nN(OR6)C(Z)NRl3Rl4. (CRloR20)nN(OR6)C(Z)Ri 1, 
(CRl0R20)nC(=NOR6)Rll,(CRi0R20)nNRl0C(=NRi9)NRl3Rl4. 
(CRioR20)nOC(Z)NRi3Rl4, (CRioR20)nNRloC(Z)NRi3Rl4, 
(CRioR20)nNRloC(Z)ORio, 5-(Ri8)-l,2,4-oxadizaol-3-yl or 

25 4-(Ri2)-5-(Ri8Ri9)-4,5-dihydro- l,2,4-oxadiazol-3-yl; wherein the aryl. arylalkyl, 
heteroaryl, heteroarylalkyl, heterocyclic, and heterocyclicaklyl moieties may be 
optionally substituted; wherein n is an integer having a value of 1 to 10, m is 0, or the 
integer 1 or 2; n* is 0, or an integer having a value of 1 to 10; and m* is 1 or 2. 
Preferably n is 1 to 4. 

30 

Preferably R2 is an optionally substimted heterocyclyl ring, and optionally 
substituted heterocyclylCi-io alkyl, an optionally substibted Ci-io alkyl, an 
optionally substituted C3-7cycloalkyl, an optionally substituted C3-7cycloalkyl Ci-io 
alkyl, (CRioR20)nC(Z)ORii group. (CRioR20)nNRl3Rl4. 
35 • (CRi0R20)nNHS(O)2Rl8. (CRl0R20)nS(O)raRl8, an optionally substituted aryl; an 
optionaUy substituted arylCi-io alkyl, (CRioR20)nORll, (CRioR20)nC(Z)Rii, or 
(CRioR20)nC(=NOR6)Rl 1 group. 
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More preferably R2 is an optionally substituted heterocyclyl ring, and 
optionally substituted heterocyclylCi-io alkyl, optionally substituted aryl, 
(CRl0R20)nNRl3Rl4, or (CRioR20)nC(Z)ORii group. 

When R2 is an optionally substituted heterocyclyl the ring is preferably a 
5 morpholino, pyirolidinyl, or a piperidinyl group. When the ring is optionally 

substituted the substituents may be directiy attached to the free nitrogen, such as in the 
piperidinyl group or pyrrole ring, or on the ring itself. Preferably the ring is a 
piperidine or pyrrole, more preferably piperidine. The heterocyclyl ring may be 
optionally substituted one to four times independentiy by halogen; C1.4 alkyl; aryl, 

10 such as phenyl; aryl alkyl, such as benzyl - wherein the aryl or aryl alkyl moieties . 
themselves may be optionally substitued (as in the definition section below); 
C(0)ORii, such as the C(0)Cm alkyl or C(0)OH moieities; C(0)H; C(0)Cm alkyl, 
hydroxy substituted C1.4 alkyl, Cm alkoxy, S(0)inCi-4 alkyl (wherein m is 0, 1, or 
2), NR10R2O (wherein Rio and R20 are independentiy hydrogen or CMalkyl). 

15 Preferably if tfie ring is a piperidine, tiie ring is attached to the imidazole at tiie 

4-position, and tfie substituents are directiy on the available nitrogen, Le. a 1-FormyM- 
piperidine, l-ben2yl-4-piperidine, l-mefliyl-4-piperidine, l-ettioxycarbonyl-4- 
piperidine. If the ring is substituted by an alkyl group and the ring is attached in the 4- • 
position, it is preferably substituted in flie 2 or 6 position or botii, such as 2,2,6,6- 

20 tetrametiiyl-4-piperidine. Siraiarly, if die ring is a pyrrole, tiie ring is attached to the 
imidazole at ttie 3-position, and tiie substituents are aldo directiy on the available 
nitrogen. 

When R2 is an optionally substituted heterocyclyl Ci-io alkyl group, die ring is 
preferably a morpholino, pyrrolidinyl, or a piperidinyl group. Preferably tiiis alkyl 

25 moiety is from 1 to 4, more preferably 3 or 4, and most preferably 3, such as in a 
propyl group. Preferred heterocyclic alkyl groups include but are not limited to, 
morpholino etiiyl, morpholino propyl, pyrrollidinyl propyl, and piperidinyl propyl 
moieties. The heterocyclic ring herein is also optionally substiuted in a similar manner 
to tiiat indicated above for the direct attachement of ttie heterocycyl. 

30 When R2 is an optionally substituted C3-7cycloaIkyl, or an optionally 

substituted C3-7cycloalkyl Cmq alkyl, die cycloalkyl group is preferably a C5 to C6 
ring which ring may be optionally substituted 1 or more times independtiy by halogen, 
such as fluorine, chlorine, bromine or iodine; hydroxy; Ci-io alkoxy, such as metiioxy 
or etiioxy; S(0)ni alkyl, wherein m is 0, 1, or 2, such as raetiiyl tiiio, metiiylsulfmyl or 

35 metiiyl sulfonyl; amino, mono & di-substituted amino, such as in tiie NR7R17 group; 
or where tiie R7R17 may cyclize togetiier witii tiie nitrogen to which tiiey are attached 
to form a 5 to 7 membered ring which optionally includes an additional heteroatom 
selected from 0/N/S; Cuo alkyl, such as mefliyl, etfiyl, propyl, isopropyl, or t-butyl; 
halosubstitued alkyl, such as CF3; hydroxy substituted CMOalkyl; C(0)ORii, such as 



wo 95/02591 



9 



PCT/US94/07969 



the free acid or methyl ester derivative; an optionally substituted aiyl, such as phenyl; 
an optionally substituted arylalkyl, such as benzyl of phenethyl; and further where 
these aryl moieties may also be substituted one to two times by halogen; hydroxy; Ci- 
10 alkoxy; S(0)m alkyl; amino, mono & di-substituted amino, such as in the NR7R17 
5 group; alkyl or halosubstitued alkyL 

When R2 is (CRioR20)nNRi3Ri4. R13 and R14 are as defined in Formula 
(I), that is Ri3 and R14 are each independently selected from hydrogen, optionally 
substituted Ci-4 alkyl, optionally substituted aryl or an optionally substituted aryl-Ci-4 
alkyl, or together with the nitrogen which they are attached form a heterocyclic ring of 

10 5 to 7 members which ring optionally contains an additional heteroatom selected from 
oxygen, sulfur or NR9. It is recognized that in some instances this can yield the same 
moiety as a heterocyclic Ci-io alkyl moiety noted above which is also a suitable R2 
variable. Preferably R13 and R14 are independenfly hydrogen, Ci-4 alkyl, preferably 
methyl, or benzyl. The n term is preferably 1 to 4, more preferably 3 or 4, and most 

15 preferably 3, such as in a propyl group. Preferred groups include, but are not limited 
to, aminopropyl, (N-methyl-N-benzyl)aminopropyl, (N-Phenylmethyl)amino-l-propyl, 
or diethylamino propyl. 

When R2 is a (CRioR20)nC(Z)ORi 1 group, Rl 1 is suitably hydrogen, Cl-4 
. alkyl, especially methyL The n term is preferably 1 to 4, more preferably 2 or 3, such 

20 as in an ethyl or propyl group. Preferred groups include, but are not limited to, . 
carboxymethyl-l -butyl, carboxy- 1-propyl, or 2-acetoxyethyL 

When R2 is a (CRioR20)nS(0)niRl8 gro^P m is 0, 1, or 2, and Rig is 
preferably aryl, especially phenyl, or C no alkyl, especially mettiyl. The n term is 
preferably 1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 

25 When R2 is a (CRioR20)nORi i group, Rl l is suitably hydrogen, aryl, 

especially phenyl, or C i-io alkyl, especially methyl or ethyl. The n term is preferably 
1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group. 

When R2 is a (CRioR20)nNHS(0)2Rl8 group. Rig is suitably alkyl, 
especially methyl. The n term is preferably 1 to 4, more preferably 2 or 3, such as in an 

30 ethyl or propyl group. 

When R2 is a optionally substituted aryl, the aryl is preferably phenyl. The aryl 
ring may be optionally substituted one or more times, preferably by one or two 
substituents, independently selected from Ci-4 alkyl, halogen, especially fluoro or 
chloro, (CRl0R20)tORi 1, -(CRioR20)tNRloR20 . especially amino or mono- or di- 

35 alkylaraino -(CRioR20)tS(0)mRl8. wherein m is 0, 1 or 2 ; - SH-, 

-(CRl0R20)nNRi3Rl4, -NRioC(Z)R3 (such -NHCO(Cmo alkyl)); -NRioS(0)raR8 
(such as -NHSO2(Ci-i0 alkyl)); t is 0, or an integer of 1 to 4. Preferably the phenyl is 
substituted in the 3 or 4- position by -(CRl0R20)tS(O)niRl8. and R18 is preferably 
C 1-10 alkyl, especially methyL 
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When R2 is an optionally substituted heteroaryl or heteroarylalkyl group the 
ring may be optionally substituted one or more times, preferably by one or two 
substituents, independentiy selected from one or more times, by Ci_4 alkyl, halogen, 
especially fluoro or chloro, (CRioR20)tORl l, -(CRioR20)tNRlOR20 especially ' 
5 amino or mono- or di-alkylamino -(CRioR20)tS(Q)niRi8. wherein m is 0, 1 or 2 ; - 
SH-, -(CRioR20)n-NRl3Rl4. -NRioC(Z)R3 (such -NHCb(CMO alkyl)); 
-NRlOS(0)niR8 (such as -NHS02(Ci.io alkyl)); t is 0, or an integer of 1 to 4, 

One skilled in tiie art would readily recognize that when R2 is a 
(CRi0R20)nOC(Z)Rii, or (CRioR20)nOC(Z)NRi3Ri4 moiety, or any similarly 
10 substitoted group tiiat n is preferably at least 2 which will allow for die synthesis of 
stable compounds. 

Preferably R2 is a Ci 4 alkyl (branched and unbranched), especially methyl, a 
metiiylthio propyl, a metiiylsulfmyl propyl, an amino propyl, N-methyl-N-benzylamino 

15 propyl group, diethylamino propyl, cyclopropyl methyl, morpHolinyl butyl, 

morpholinyl propyl, a moipholinyl etiiyl, a piperidine or a substitoted pqjeridine. 
More preferably R2 is a methyl, isopropyl, butyl, t-butyl, n-propyl, methylthiopropyl, 
or methylsulfmyl propyl, morpholino propyl, morpholinyl butyl, phenyl substimted by • 
halogen, thioalkyl or sulfmyl alkyl such as a methyltiiio, mefliylsulfinyl or 

20 methylsulfonyl moiety; piperidinyl, l-Fonnyl-4-piperidine, l-ben2yl-4-piperidine. 1 - 
metiiyl-4-piperidine, or a l-ethoxycarbonyl-4-piperidine. 

In all instances herein where there is an aikenyl or alkynyl moiety as a 
substituent group, the unsatiirated linkage, ie.. tiie vinylene or acetylene linkage is 
preferably not diiecfly attached to the nitrogen, oxygen or sulfur moieties, for instance 

25 in OR3, or for certain R2 moieties- 

As used herein, "optionally substitoted" unless specifically defined shall mean 
such groups as halogen, such as fluorine, chlorine; bromine or iodine; hydroxy; 
hydroxy substitoted Cuoalkyl; Ci-io alkoxy, such as metiioxy or etiioxy; S(0)m 
alkyl, wherein m is 0, 1 or 2, such as methyl thio, methylsulfinyl or metiiyl sulfonyl; 

30 amino, mono & di-substitated amino, such as in the NR7R17 group; or where the ' 

R7R17 may together with tiie nitrogen to which they are attached cyclize to form a 5 to 
7 raembered ring which optionally includes an additional heteroatom selected from 
0/N/S; Ci- 10 alkyl, cycloalkyl, or cycloalkyl alkyl group, such as methyl, ethyl, 
propyl, isopropyl, t-butyl, etc. or cyclopropyl methyl; halosubstituted Cmq alkyl, such 

35 CF3; an optionally substitoted aiyl, such as phenyl, or an optionally substitoted 
arylalkyl, such as benzyl or phenetiiyl, wherein tiiese aiyl moieties may also be 
substitoted one to two times by halogen; hydroxy; hydroxy substitoted alkyl; Ci-io 
alkoxy; S(0)m alkyl; amino, mono & di-substitoted amino, such as in the NR7R17 
group; alkyl, orCFs. 



wo 95/025P1 



11 



PCT/US94/07969 



In a preferrcd subgenus of compounds of Formula (I), Ri is 4-pyridyl,.2-alkyl- 
4-pyridyl, 4-quinolyl, 4-pyrimidinyl, or 2-amino-4-pyrimidinyl; R2 is morpholinyl 
propyl, aminopropyl, piperidinyl, N-benzyl-4-piperidine, or a N-methylT4-piperidine; 
5 and R4 is phenyl or phenyl substituted one or two times by fluoro, chloro, C1-4 alkoxy, 
-3(0)111 aU^l* methanesulfonamido or acetamido. 

A preferred subgrouping of compounds of Formula (I) are those where R2 is 
other than methyl when Ri is pyridyl, and R4 is an optionally substituted phenyl. 

10 Suitable pharmaceutically acceptable salts are well known to those skilled in 

the art and include basic salts of inorganic and organic acids, such as hydrochloric acid, 
hydrobromic acid, sulphuric acid, phosphoric acid, methane sulphonic acid, ethane 
sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid, 
succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid 

15 and mandelic acid. In addition, pharmaceutically acceptable salts of compounds of 
Formula (I) may also be formed with a pharmaceutically acceptable cation, for 
instance, if a substituent group comprises a carboxy moiety. Suitable pharmaceutically 
acceptable cations are well known to those skilled in the art and include alkaline, 
' alkaline earth, ammonium and quaternary ammonium cations. 

20 

The following terms, as used herein, refer to: 

• "halo" or "halogens", include the halogens: chloro, fluoro, bromo and iodo. 

• "Ci-io^^l" or "alkyl" - both straight and branched chain radicals of 1 to 10 
carbon atoms, unless the chain length is otherwise limited, including, but not limited to, 

25 methyl, ethyl, n-propyl, w(>-propyl, n-butyl, jec-butyl, i5c>-butyl, rerr-butyl, n-pentyl 
and the like. 

• The terra "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3 
to 8 carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the 
like. 

30 • The term "cycloalkenyl" is used herein to mean cyclic radicals, preferably of 

5 to 8 carbons, which have at least one bond including but not limited to cyclopentenyl, 
cyclohexenyl, and the like. 

• The term "alkenyl" is used herein at all occurrences to mean straight or 

35 branched chain radical of 2-10 carbon atoms, unless the chain length is limited thereto, 
including, but not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-l-propenyl, 1- 
butenyl, 2-butenyl and the like. 

• "aryl" - phenyl and naphthyl; 
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• "heteroaryr (on its own or in any combination, such as "heteroaryloxy", or 
"heteroaryl alkyl") - a 5-10 membeiBd aromatic ring system in which one or more rings 
contain one or more heteroatoms selected from the group consisting of N, 0 or S, such 
as, but not limited, to pyrrole, pyrazole, furan, thiophene, quinoUne, isoguinoline, 
quinazolinyl, pyridine, pyrinudine, oxazole, thiazole, thiadiazole, triazole, imidazole, 
or benzimidazole. 

• "heterocyclic" (on its own or in any combination, such as "heterocyclylalkyl") 
- a saturated or partially unsaturated 4-10 membered ring system in which one or more 
rings contain one or more heteroatoms selected from the group consisting of N, O, or 
S; such as, but not limited to, pyrrolidine, pipeiidine, piperazLne, moipholine, 
telrahydro jpyran, or imidazolidine. 

• The torn "aralkyl" or "heteroarylallgrl" or "hetCTocyclicalkyl" is used herein 
to mean Cm allq^l as defined above attached to an aryl, heteroaryl or heterocyclic 
moiety as also defined herein unless otherwise indicate. 

• "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "thio" 
refers to the sulfide, and the term "sulfonyl" refers to the fully oxidized S (0)2 moiety. 

• "aroyl" - a C(0)Ar, wherein Ar is as phenyl, naphthyl, or aryl alkyl 
derivative such as defined above, such group include but are note limited to benzyl and- 
phenethyl. 

• "alJcanoyl" - a C(0)Ci.io alkyl wherein the aUsyl is as defined above. 

The compounds of the present invention may contain one or more asymmetric 
carbon atoms and may exist in racemic and optically active forms. All of these 
compounds are included within the scope of the present invention. 

Exemplified compounds of Formula (I) include: 
l-[3-(4-Morpholinyl)propyl]-4-(4-fiuorophenyl)-5-(4-pyridyl)imidazole; ' 
l-(3-Chloropropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-Azidopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)unidazole; 
l-(3-Aminopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-MethylsulfonaraidopropyI)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-[3-(N-Phenyhnethyl)aminopropyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-[3-(N-Phenylmethyl-N-methyl)aminopropyl)-4-(4-fluorophenyl)-5-(4- 

pyridyl)imidazole; 

l-[3-(l-PyrroUdinyl)propyl]-4-(4-fluorophenyl)-5-(4-pyridyl)iraidazole; 

l-(3-Diethylaminopropyl>4-(4-fluorophenyl).5-(4-pyridyl)imidazole; 

l-[3-(l-Piperidinyl)propyl]-4-(4-fiuorophenyl>5-(4-pyridyl)unidazole; 

l-[3-(Methylthio)propyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[2-(4-Morpholinyl)ediyl]-4-(4-fluon)phenyl)-5-(4-pyridyl)imidazole; 
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l-[3-(4-Morpholinyl)propyl]-4-(3-methylthiophenyl)-5-(4-pyridyl)im^ 

l-[3-(4-Morpholinyl)propyl]-4-(3-methylsiil£inylphenyl>5-(^^^ 

l-[3-(N-methyl-N-benzyl)aminopropyl]-4-(3-methylthioph^ 
pyridyl)imida2ole; 
5 l-[3-(N-methyl-N-benzyl)aminopropyl]-4-(3-methylsulfiaiyI^ 
pyridyl)imidazole; 

l-[4-(Methylthio)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole; 

l-[4-(Methylsulfmyl)phenyU-4-(4-fluorophenyl)-5-(4-pyiidyl)imid 

l-[3-(MethyltWo)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
10 l-[3-(Methylsulfinyl)phenyl]-4-(4rfluorophenyl)-5-(4-pyridyl)iraidazole; 

l-[2-(MethyltWo)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-[2-(Methylsulfinyl)phenyl]-4-(4-fluorophenyI)-5-(4-pyridyl)imid 

144-(4-Morpholinyl)butyl]-4-(4-fluorophenyl)-5-(4-pyridyl)ijnidazo 

1 -Cyck)propyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
15 1 -Isopropyl-4-(4-fluorophenyl>5-(4-pyridyl)iraidazole; 

l-Cyclopropylmethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

l-teit-Butyl-4-(4-fluorophenyl)-5-(4-pyridyl)iniidazole; 

l-(2,2-Diethoxyethyl)-4-(4-fluorophenyl)-5-(4-pyridyl)m^ 
. l-Fonnylmethyl-4-(4-fluorophenyl)-5-(4-pyridyI)imidazole; 
20 1 -Hydroxyiminylraethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imid 

l-Cyanometiiyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidaz61e; 

l-[3-(4-Morpholinyl)propyl)-4-(4-fluorophenyl)-5-(2-raethylpyrid-4-yl)^ 

4-(4-Huorophenyl)-l-[3-(4-raorpholinyl)propyl]-5-(2-chloropyridin-4-yl) imidazole; 

4- (4-Ruorophenyl)-l-[3-(4-raorpholinyl)propyl]-5-(2-amino-4-pyridinyl) imidazole; 
25 l-(4-Carboxyraethyl)propyl-4-(4-fluorophenyl)-5-(4'pyridyl)imidazole; 

l-(4-Carboxypropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3-Carboxymethyl)ethyl-4-(4-fluorophenyI)-5-(4-pyridyl)imidazole; 
l-(3-Carboxy)ethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
1 -( 1 -Benzylpiperidin-4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl) imidazole; 
30 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-[3-(4-Morpholinyl)propyU imidazole; 

5- (2-Aminopyrimidin-4-yl)-4-(4-fiuorophenyl)-l-(l-benzylpiperidin-4-yl)imidazole 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(2-propyl)imidazoie; 
5-(2-Aminop>Timidin-4-yl)-4-(4-fluorophenyl)-l-(cyclopropylmeth 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(l-carboxyethyl-4- 

35 piperidinyl)imidazole; 

5-(2-Aminopyiiraidin-4-yl)-4-(4-fluorophenyl)-l-(4-piperidinyl) imidazole; 
l-Methyl-4-phenyl-5-(4-pyridyl)imidazole; 
l-Methyl-4-[3-(chlorophenyl)]-5-[4-pyridinyl]iraidazole; 
l-Methyl-4-(3-methylthiophenyl)-5-(4-pyridyl)imidazole; 
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l-Methyl-4-(3-methylsulfinylphenyl)-5-(4-pyridyl)imiciazole; 

(4^.)^(4.Fiuorophenyl)-l-[3-(raethylsulfmyl)propyI]-5-(4-pyridinyl)im 

4-(4-muorophenyl>l.[(3-methylsulfonyl)propyI]-5-(4-pyridinyl)imidazole; 

l-(3-PhenoxypropyI)-4-(4.fluorophenyl)-5-(4-pyridinyl)imidazole; 

l-[3<Phenylthio)propyI]-4-(4-fluorophenyI)-5-(4-pyridinyl)imidazole; 

143-(4-Morpholinyl)propyl]-4-(4-fluorophenyI)-5-(4-quinolyl)imidazole; 

(+/-)-l-(3-Phenylsulfinylpropyl)-4-(4-nuorophenyI)-5-(4-pyridinyI)imidazole; 

l-(3-Ethoxypropyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazole; 

l-(3-Phenylsulfonylpropyl-4-(4-fluorophenyl)-5-(4-pyridmyl)imidazole; 

l-[3-(4-Morpholinyl)propyI]-4-(3-chlorophenyl)-5-(4-pyridyl)imidazole; 

l<3-(4.Morpholinyl)propyl]-4-(3,4-dichlorophenyl)-5-(4-pyridyl)iraidazole; 

4-[4-(4-Huorophenyl)-l-[3-(4-morpholinyl)propyl]-5-(pyrimid-2.one-4-yl)imid^^^^ 

4-(4-Huorophenyl>5-[2<methylthio)-4-pyrimidinyl]-l-[3K4-raoipholinyl)pro^^^ 
imidazole; 

4- (4-HuorophenyI)-5-[2-(methylsulfmyl)-4-pyrimidinyl]-l-[3-t4-morphol^^^^ 

propyl]imidazole; 

(E)-l-(l-Propenyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazole; 
l-(2-Propenyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazole; 

.5-[(2-N,N-Dimethylamino)pyrimidin-4-yl]-4-(4-fluorophenyi)-143-(4-morpholinyl)- 
propyl]imida2ole; 

l-[3-(4-Morpholinyl)propyl]-5-(4-pyridinyl)-4-[4-(trifluoromethyl)phenyl]iniidazole; 

^[3-(4-Morpholinyl)propyl]-5K4-pyridinyl)-4-[3<t^ifluo^omethyI)phenyl]mlidazole'; 

l-(Cyclopropylmethyl)-4-(3.4-dichlorophenyl)-5-(4-pyridinyl)imida2ole; 

l<Cyclopropylmethyl>4-(3-trifluorome%lphenyl)-5-(4-pyridinyl)imidazole; 

l-(Cyclopropylmethyl)-4-(4-fluorophenyl>5<2-metfaylpyrid-4-yl)imidazole; 

l-[3-(4-Morpholinyl)propyl]-5-(4-pyridinyI)-4-(3,5-bistri£luoromethylphenyl)- 
iraidazole 

5- [4-(2-Aminopyrimidinyl)]-4-(4-fluorophenyl)-l-(2-carboxy-2,2- 

dimethylethyOiraidazole; 

l-(l-Fomiyl-4-piperidinyl)-4-(4-fluorophenyI)-5-(4-pyridinyI)iraidazole; 

5-(2-Amino-4-pyrimidinyI)-4-(4-fluorophenyl)-l-(l-mediyl-4-piperidinyl)imidazole; 
l-(2,2-Diraethyl-3-morpholin-4-yl)propyl-4-(4-fluorophenyI)-5-(2-Amino-4- 
pyriinidinyl)imidazole; 

4- (4-Huoroplienyl)-5-(4-pyridyl)-l-(2-acetoxyethyl)iraidazole. 

5- (2-Aminopyrimidin-4-yl)-4-(4-naorophenyl)-l-(l-benzylpyrrolin-3-yl)irnidazole; 

5-(2-Aminopyrimidin-4-yl)^(4-nuorophenyl)-l-(2,2,6,6-tetraraethylpiperidin-^^ ' 
yl)iinidazole. 
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Preferred compounds of Formula (I) include: 
5-[4-(2-Aniino)pyrimidinyl]-4-(4-fluorophenyl)-l-(4-N-morphoUno-l 
propyI)iinidazole; 

5-[4-(2-Aminopyrimidinyl)-4-(4-fluorophenyl)-l-(l-benzyl-4-piperidinyl)m^ 
5 5-(2-Amino-4-pyrimidinyl)-4-(4-fluorophenyl)-l-(4-piperidinyI)imidM^ 
5-(2-Aniino-4-pyrimidinyl)-4-(4-fluorophenyl)-l-(l-methyl-4-piperidm^^ 
imidazole. 

Another aspect of the present invention is the compound, 4-phenyl-5-[4- 
10 pyridyl)imida20le. Another aspect is of the present invention is a pharmaceutical . 
composition comprising a carrier or diluent and effective amount of 4-phenyl-5-[4- 
pyridyl)imidazole. Yet another aspect of the present invention is the novel method of 
treating a cytokine mediated disease state, in a mammal in need thereof, with an 
effective amount of 4-phenyl-5-[4'pyridyl)iraidazole, 
15 For purposes herein the dosage ranges, formulation details, and methods of 

making are analogous to the compounds of Formula (I). 

The compounds of Formula (I) may be obtained by applying synthetic 
procedures, some of which are illustrated in Schemes I and V. The synthesis provided 

20 for in these Schemes is applicable for the producing compounds of Formula (I) having a 
variety of different Ri, R2, and R4 groups which are reacted, employing optional 
substituents which are suitably protected, to achieve compatibility with the reactions 
outlined herein. Subsequent deprotection, in those cases, then affords compounds of the 
nature generally disclosed. Once the imidazole nucleus has been established, further 

25 compounds of Formula (I) may be prepared by applying standard techniques for 
functional group interconversion, well known in the art 

For instance: -C(0)NRi3Ri4 from -CO2CH3 by heating with or without 
catalytic metal cyanide, e.g. NaCN, and HNR13R14 in CH3OH; -0C(0)R3 from -OH 
with e.g., aC(0)R3 in pyridine; -NRio-C(S)NRi3Ri4 ftom -NHRio with an 

30 alkylisothiocyante or thiocyanic acid; NR6C(0)OR6 from -NHRg with the alkyl 

chloroformate; -NRioC(0)NRi3Ri4 from -NHRio by treatment with an isocyanate, 
e.g. HN=C=0 or RioN=C=0; -NRio-C(0)R8 from -NHRio by treatment with Cl- 
C(0)R3 in pyridine; -C(=NRio)NRl3Rl4 from -C(NRi3Rl4)SR3 with H3NR3+OAc- 
by heating in alcohol; -C(NRi3Ri4)SR3 from -C(S)NRi3Ri4 with R6-I in an inert 

35 solvent, e.g. acetone; -C(S)NRi3Ri4 (where R13 or R14 is not hydrogen) from 
-C(S)NH2 with HNRi3Ri4-C(=NCN)-NRi3Ri4 from •C(=NRi3Ri4)-SR3 with 
NH2CN by heating in anhydrous alcohol, alternatively from -C(=NH)-NRi3Ri4 by 
treatment with BrCN and NaOEt in EtOH; -NRio-C(=NCN)SR8 from -NHRio by 
u-eatment with (R8S)2C=NCN; -NR10SO2R3 from -NHRlO by treatment with 
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CISO2R3 by heating in pyridine; -NRioC(S)R3 from ^NRioC(0)R8 by treatment with 
Lawesson's reagent [2,4-fcis(4-methoxyphenyI)-l,3,2,4-dithiadiphosphetane-2,4- 
disulfide]; -NR10SO2CF3 from -NHR6 with triflic anhydride and base wherein R3, 
R6, Rio, Rl3 and R14 arc as defined in Formula (I) herein. 



R4CHO (V) +ArS(0)^H 
H2NCHO 



Ar-S(O), 




dehydrating agent 



Ar-S(0)„ 




CHCla 
NaOH 

CH2CI2 

Hjb.PTC 



R4CH2NH2 (vni) 

R4CH2NHCH0 

dehydrating agent 
R4CH2NC (VI) 



ArS(0)2Li (Vn)_, 
wherein p =2 




RiCHO + R^2 



10 



SCHEME! 

Referring to Scheme I the compounds of Formula (I) are suitably prepared by 
reacting a compound of the Formula (II) with a compound of the Formula (HI) wherein 
p is 0, 1 or 2, Rj, R2 and R4 are as defined herein, or are precursors of the groups Rj, 
R2 and R4, and Ar is an optionally substituted phenyl group, and thereafter if necessary 
converting a precursor of R], R2 and R4 to a group Ri, R2 and R4. 
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Suitably Ar is phenyl optionally substituted by Cj^alkyl, C1.4 alkoxy or halo. 
Preferably Ar is phenyl or 4-methylphenyl. Suitably the reaction is performed at 
ambient temperature or with cooling (e.g. -50° to 10° ) in an inert solvent such as 
methylene chloride, tetrahydrofuran, toluene or dimethoxyethane in the .presence of an 
5 appropriate base such as 1,8-diazabicyclo [5.4.O.] undec-7-ene (DBU) or a guanidine 
base such as 1,5,7- triazabicyclo [4.4.0] dec-5-ene (TBD). Suitably p is 0 or 2, 
preferably p is 0 in which case the intermediates of formula (II) are very stable and 
capable of storage for a long time. 

Precursors of the groups Ri, R2 and R4 can be other Ri, R2 and R4 groups 

10 which can be interconverted by applying standard techniques for functional group • 
intercon version. For example a compound of the formula (1) wherein R2 is halo 
-substituted Cj-iq converted to the corresponding Cj^io 2LlkylN3 

derivative by reacting with a suitable azide salt, and thereafter if desired can be reduced 
to the corresponding C i.io^^^^2 compound, which in turn can be reacted with 

15 Ri8S(0)2X wherein X is halo (e.g., chloro) to yield the corresponding 
Ci.ioalkylNHS(0)2Ri8 compound. 

Alternatively a compound of the formula (1) where R2 is halo-substituted 
Cuo-alkyl can be reacted with an amine R13R14NH to yield the correisponding 
Ci.io-alkylNRi3Ri4 compound, or can be reacted with an alkali metal salt of RigSH 

20 to yield the corresponding C \ . lo^l^^lSR 1 g compound. 

In a further aspect the present invention provides conipounds of the Formula 
(n) as defined herein with the proviso that when ArS(0)p is tosyl. then R4 is not an 

unsubstituted phenyl. 

The compounds of Formula (H), in Scheme I, may be prepared by the methods 
25 of Van Leusen et al., JOC, 42, 1 153 (1977). For example a compound of the Formula 
(II) may be prepared by dehydrating a compound of the Formula (IV) wherein Ar, R4 

and p are as defined herein. 

Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride or 
tosyl chloride in the presence of a suitable base such as triethylamine. 
30 The compounds of formula (TV) may be prepared by reacting a compound of 

the formula (V) R4CHO where'R4 is as defined herein, with ArS(0)pH and formamide 

under dehydrating conditions at ambient or elevated temperature e.g. 30° to 150°, 
conveniently at reflux, optionally in the presence of an acid catalyst Alternatively 
trimethysilylchloride can be used in place of the acid catalyst Examples of acid 
35 catalysts include camphor- 10-sulphonic acid, p-toluenesulphonic acid, hydrogen 
chloride or sulphuric acid. 

The compounds of the formula (11) where p is 2 may also be prepared by 
reacting in the presence of a strong base a compound of the formula (VI) R4CH2NC 
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with a compound of the fonnula (VII) ArS02Li wherein R4 and Ar arc as defined 
herein and Li is a leaving group such as halo, e.g. fludro. Suitable strong bases include 
alkyl lithiums such as butyl lithium or lithium diisopropylamide. 

The compounds of formula (VI) may be prepared by reacting a compound of 
5 the formula (Vm) R4CH2NH2 with an alkyl formate (e.g. ethylformate) to yield an 
intermediate amide which can be converted to the desired isonitrile by reacting with a 
dehydrating agent such as oxalylchloride, phosphorus oxychloride or tosyl chloride in 
the presence of a suitable base such as triethylamine. 

Alternatively a compound of the formula (VDI) may be converted to a 
10 compound of the formula (VI) by reaction with chloroform and sodium hydroxide in 
aqueous dichlororaethane under phase transfer catalysis. 

The compounds of the formula (HI) may be prepared by reacting a compound 
of the fonnula RiCHO with a primary amine R2NH2. 

The amino compounds of the formula (Vm) are known or can be prepared from 
15 the corresponding alcohols, oximes or amides using standard functional group 
interconversions. 

In a further process, compounds of Fonnula (I) may be prepared by coupling a 
suitable derivative of a compound of Formula (K): 

20 




wherein Ti is hydrogen and T4 is R4 , or alternatively Ti is Ri and T4 is H in which 
Rl, R2 and R4 are as hereinbefore defined; with: (i) when Ti is hydrogen, a suitable 

25 , derivative of the heteroaryl ring RiH, under ring coupling conditions, to effect 

coupling of the heteroaryl ring Ri to the imidazole nucleus at position 5; (ii) when T4 
is hydrogen, a suitable derivative of the aryl ring R4H, under ring coupling conditions, 
to effect coupling of the aryl ring R4 to the imidazole nucleus at position 4. 

Such aryl/heteroaryl coupling reactions are well known to those skilled in the 

30 art In general, an organometallic synthetic equivalent of an anion of one component is 
coupled with a reactive derivative of the second component, in the presence of a 
suitable catalyst. The anion equivalent may be formed from either the imidazole of 
Formula (IX), in which case the aryl/heteroaryl compound provides the reactive 
derivative, or the aryl/heteroaryl compound in which case the imidazole provides the 

35 reactive derivative. Accordingly, suitable derivatives of the compound of Fonnula (DC) 
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or the aryl/heteroaryl rings include organoraetallic derivatives such as 
organomagnesium. organozinc, organostannane and boronic acid derivatives and 
suitable reactive derivatives include the bromo, iodo, fluorosulfonate and 
trifiuoromethanesulphonate derivatives. Suitable procedures are described in WO 
5 91/19497, the disclosure of which is incorporated by reference herein. - 

Suitable organomagnesium and organozinc derivatives of a compound of 
Formula (DC) may be reacted with a halogen, fluorosulfonate or triflate derivative of 
the heteroaryl or aryl ring, in the presence of a ring coupling catalyst, such as a 
palladium (0) or palladium (II) catalyst, following the procedure of Kumada et aU 

10 Tetrahedron Letters, 22, 5319 (1981). Suitable such catalysts include tetrakis- 
(triphenylphosphine)palladiura and PdCl2[l,4-&w-(diphenylphosphino)-butane], 
optionally in the presence of lithium chloride and a base, such as triethylamine. In 
addition, a nickel (H) catalyst, such as Ni(II)Cl2(l,2-biphenylphosphino)ethane, may 
also be used for coupling an aryl ring, following the procedure of Pridgen, J Org Chem, 

15 1982,47,4319. Suitable reaction solvents include hexamethylphosphor-amide. When 
the heteroaryl ring is 4-pyridyl, suitable derivatives include 4-bromo- and 4-iodo- 
pyridine and the fluorosulfonate and triflate esters of 4-hydroxy pyridine. Similarly, 
suitable derivatives for when the aryl ring is phenyl include the bromo, fluorosulfonate, • 
triflate and, preferably, the iodo-derivatives. Suitable organomagnesium and 

20 organozinc derivatives may be obtained by treating a compound of Formula (IX) or the 
bromo derivative thereof with an alkyllithium compound to yield the corresponding 
lithium reagent by deprotonation or transmetallation, respectively; This lithium 
intermediate may then be treated with an excess of a magnesium halide or zinc halide 
to yield the corresponding organometallic reagent. 

25 A trialkyltin derivative of the compound of Formula (DC) may be treated vnth a 

bromide, fluorosulfonate, triflate, or, preferably, iodide derivative of an aryl or 
heteroaryl ring compound, in an inert solvent such as tetrahydrofuran, preferably 
containing 10% hexamethylphosphoramide, in the presence of a suitable coupling 
catalyst, such as a palladium (0) catalyst, for instance tetraJds- 

30 (triphenylphosphine)palladiura, by the method described in by Stille, J Amer Chem 
Soc, 1987, 109, 5478, US Patents 4,719,218 and 5,002,942, or by using a paUadium 
(II) catalyst in the presence of lithium chloride optionally with an added base such as 
triethylamine, in an inert solvent such as dimethyl formamide. Trialkyltin derivatives 
may be conveniently obtained by metallation of the corresponding compound of 

35 Formula (DC) with a lithiating agent, such as 5-butyl-lithium or n-butyllithiura, in an 
ethereal solvent, such as tetrahydrofuran, or treatment of the bromo derivative of the 
corresponding compound of Formula (DC) with an alkyl lithium, followed, in each 
case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a 
compound of Formula (DC) may be treated with a suitable heteroaryl or aryl trialkyl tin 
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compound in the presence of a catalyst such as r£rraitij-(triphenyl-phosphine)- 
palladium, under conditions similar to those described above. 

Boronic acid derivatives are also useful. Hence^ a suitable derivative of a 
compound of Formula (DC), such as the bromo, iodo, triflate or fluorosulphonate 
5 derivative, may be reacted with a heteroaryl- or aryl-boronic acid, in the presence of a 
palladium catalyst such as fe/rafoj-(triphenylphosphine)-paUadium or PdCl2[l,4-fe£y- 
(diphenyl-phosphino)-butane] in the presence of a base such as sodium bicarbonate, 
under reflux conditions, in a solvent such as dimethoxyethane (see Fischer and 
Haviniga, Rec. Trav. Chim. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett, 

10 29, 2135, 1988 and Terashiraia, M., Chem. Pharm. BuU., 11, 4755, 1985). Non- 
aqueous conditions, for instance, a solvent such as DMF, at a temperature of about 
lOO'^C, in the presence of a Pd(n) catalyst may also be employed (see Thompson W J 
et aU J Org Chem, 49, 5237, 1984). Suitable boronic acid derivatives may be prepared 
by treating the magnesium or lithium derivative with a trialkylborate ester, such as 

15 triethyl, tri-£ro-propyl or tributylborate, according to standard procedures. 

In such coupling reactions, it will be readily appreciated that due regard must be 
exercised with respect to functional groups present in the compounds of Formula (IX). 
Thus, in general, amino and sulfur substituents should be non-oxidised or protected. 
Compounds of Formula (K) are imidazoles and may be obtained by any of the 

20 procedures herein before described for preparing compounds of Formula (I). In 
particular, an a-halo-ketone or other suitably activated ketones R4COCH2Hal (for 
compounds of Formula (DC) in which Ti is hydrogen) or RiC0CH2Hal (for 
compounds of Formula (IX) in which T4 is hydrogen) may be reacted with an araidine 
of the formula R2NH-C=NH, wherein R2 is as defined in Formula (I), or a salt thereof, 

25 in an inert solvent such as a halogenated hydrocarbon solvent, for instance chloroform, 
at a moderately elevated temperature, and, if necessary, in the presence of a suitable 
condensation agent such as a base. The preparation of suitable a-halo-ketones is 
described in WO 91/19497. Suitable reactive esters include esters of strong organic 
acids such as a lower alkane sulphonic or aryl sulphonic acid, for instance, methane or 

30 /7-toluene sulphonic acid. The amidine is preferably used as the salt, suitably the 
hydrochloride salt, which may then be converted into the free araidine in situ , by 
employing a two phase system in which the reactive ester is in an inert organic solvent 
such as chloroform, and the salt is in an aqueous phase to which a solution of an 
aqueous base is slowly added, in dimolar amount, with vigorous stirring. Suitable 

35 amidines may be obtained by standard methods, see for instance, Garigipati R, 
Tetrahedron Letters, 190, 31, 1989. 

Compounds of Formula (I) may also be prepared by a process which comprises 
reacting a compound of Formula (IX), wherein Ti is hydrogen, with an N-acyl 
heteroaryl salt, according to the method disclosed in US patent 4,803,279, US patent 
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4,719,218 and US patent 5,002,942, to give an intermediate in which the heteroaryl 
ring is attached to the imidazole nucleus and is present as a 1,4-dihydro derivative 
thereof, which intermediate may then be subjected to oxidative-deacylation conditions 
(Scheme II). The heteroaryl salt, for instance a pyridiniura salt, may be either 
5 preformed or, more preferably, prepared in situ by adding a substituted carbonyl halide 
(such as an acyl halide, an aroyl halide, an arylalkyl haloformate ester, or, preferably, 
an alkyl haloformate ester, such as acetyl bromide, benzoylchloride, benzyl 
chloroformate, or, preferably, ethyl chlorof ormate) to a solution of the compound of 
Formula (K) in the heteroaryl compound RiH or in an inert solvent such as methylene 

10 chloride to which the heteroaryl compound has been added. Suitable deacylating and 
oxidising conditions are described in U.S. Patent Nos. 4,803,279, 4,719,218 and 
5,002,942, which references are hereby incorporated by reference in their entirety. 
Suitable oxidizing systems include sulfur in an inert solvent or solvent mixture, such as 
decalin, decalin and diglyme, ;7-cymene, xylene or mesitylene, under reflux conditions, 

15 or, preferably, potassium r-butoxide in ^butanol with dry air or oxygen. 

X NH f\ wridineJRjOTC^^ S/decalin^ or "'V\ 



20 




gCHEMEH 



In a further process, illustrated in Scheme IH below, compounds of Formula (I) 
may be prepared by treating a compound of Formula (X) thermally or with the aid of a 
cyclising agent such as phosphorus oxychloride or phosphorus pentachloride (see 
Engel and Steglich, Liebigs Ann Chem, 1978, 1916 and Stizybny et a/., J Org Chem, 

25 1963, 28, 338 1). Compounds of Formula (X) may be obtained, for instance, by 

acylating the corresponding a-keto-amine with an activated formate derivative such as 
the corresponding anhydride, under standard acylating conditions followed by 
formation of the imine with R2NH2. The aminoketone may be derived from the parent 
ketone by oxamination and reduction and the requisite ketone may in turn be prepared 

30 by decarboxylation of the beta-ketoester obtained from the condensation of an aryl 
(heteroaryl) acetic ester with the RjCOX component. 
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^ 1.) NaOMe p « 1.) O O r 



formnupc) 



SCHEME m 



5 In Scheme IV illustrated below, two (2) different rbutes which use ketone 

(formula XI) for preparing a compound of Formula ®. A heterocyclic ketone (XI) is 
prepared by adding the anion of the alkyl heterocycle such as 4-methyl-quinoline ' 
(prepared by treatment thereof with an alkyl lithium, such as n-butyl lithium) to an N- 
alkyl-O-alkoxybenzamide, ester, or any other suitably activated derivative of the same 
10 oxidation state. Alternatively, the anion may be condensed with a benzaldehyde, to 
give an alcohol which is then oxidised to the ketone (XI). 




^ r/*o ^ 

15 SCHEME IV 

In a further process, N-substituted compounds of Formula (1) may be prepared 
by treating the anion of an amide of Formula (XII): 

R1CH2NR2COH (xn) 

20 wherein Ri and R2 with: 

(a) a nitrile of the Formula (Xni): 

R4CN (Xm) 
wherein R4 is as hereinbefore defined, or 

(b) an excess of an acyl halide, for instance an acyl chloride, of the Formula 

25 (XrV): 

R4C0Hal (XIV) 
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wherein R4 is as hereinbefore defined and Hal is halogen, or a corresponding 
anhydride, to give a faj-acylated intermediate which is then treated with a source of 
atiunonia, such as ammonium acetate. 



RgHN^ 



base Ri^C. ^ UU..Hm^ r «2 



o at' 



5 (Xll) 

SCHEME V 

One variation of this approach is illustrated in Scheme V above. A primary 
10 amine (R2NH2) is treated with a halomethyl heterocycle of Formula R1CH2X to give 
the secondary amine which is then converted to the amide by standard techniques. 
Alternatively the amide may be prepared as illustrated in scheme V by alkylation of the 
formamide with R1CH2X. Deprotonation of this amide with a strong amide base, such 
as lithium di-f j{7-propyl amide or sodium £^i^-(trimethylsilyl)amide, followed by 
15 addition of an excess of an aroyl chloride yields the ^zj'-acylated compound which is 
then closed to an inlidazole compound of Formula (I), by heating in acetic acid 
containing ammonium acetate. Alternatively, the ianion of the amide may be reacted 
with a substituted aryl nitrile to produce the imidazole of Formula (I) direcfly . 

20 Suitable protecting groups for use with hydroxyl groups and the imidazole 

nitrogen are well known in the art and described in many references, for instance. 
Protecting Groups in Organic Synthesis, Greene T W, Wiley-Interscience, New York, 
1981. Suitable examples of hydroxyl protecting groups include silyl ethers, such as t- 
butyldimethyl or t-butyldiphenyl, and alkyl ethers, such as methyl connected by an 

25 alkyl chain of variable link, (CRioR20)n- Suitable examples of imidazole nitrogen 
protecting groups include tetrahydropyranyl, 

Pharmaceutically acid addition salts of compounds of Formula (I) may be 
obtained in known manner, for example by treatment thereof with an appropriate 
amount of acid in the presence of a suitable solvent 

30 In the Examples, all temperatures are in degrees Centigrade (°C). Mass spectra 

were performed upon a VG Zab mass spectrometer using fast atom bombardment, 
unless otherwise indicated. ^H-NMR (hereinafter "NMR") spectra were recorded at 
250 MHz using a Bruker AM 250 or Am 400 spectrometer. Multiplicities indicated 
are: s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet and br indicates a broad 
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signal. Sat indicates a saturated solution, eq indicates the proportion of a naolar 
equivalent of reagent relative to the principal reactant. 

FQash chromatography is run over Merck Silica gel 60 (230 - 400 mesh), 

5 SYNTHETIC EXAMPLES 

The invention will now be described by reference to the following examples 
which are merely illustrative and are not to be construed as a limitation of the scope of 
the present invention. All temperatures are given in degrees centigrade, all solvents are 
highest available purity and all reactions run under anydrous conditions in an argon 
10 atmosphere unless otherwise indicated. 



Example 1 

l-r3>f4-Mo rpholinvnpropvIl-4-r4-fluorophenvlV5-f4-pvridvnimidazQle 

a) 4-fluoroDh& nvl-tolvlthiomethvlfnrmamide 

15 A solution of p-fluorobenzaldehyde (1 3. L milliliters (hereinafter mL), 122 

millimoles (hereinafter mmol) thiocresol (16.64 grams (hereinafter g), 122 mmol), 
formamide (15.0 mL, 445 mmol), and toluene (300 mL) were combined and heated to 
toluene reflux with azeotropic removal of H2O for 18 h. The cooled reaction was 
dUuted with EtOAc (500 mL) and washed with satd aq Na2C03(3 x 100 mL), satd aq 

20 NaGl (100 mL), dried (Na2S04), and concentrated. The residue was triturated with 
petroleum ether, filtered and dried in vacuo to afford 28.50 g of the title compound as a 
white solid (85 %). melting point (hereinafter mp) = 119 - 120^. 

b) 4-fluorophenvl-tolvlthiomethvlisncvani< ^e 

The compound of example 1(a) (25 g, 91 mmol) in CH2CI2 (300 mL) was 
25 cooled to -30^ and with mechanical stirring POCI3 (1 1 mL. 1 10 mmol) was added 
dropwise followed by the dropwise addition of Et3N (45 mL, 320 mmol) with the 
temperature maintained below -30O. Stirred at -30*^ for 30 min and 5^ for 2 h, diluted 
with CH2CI2 (300 mL) and washed with 5% aq Na2C03 (3 x lOO'mL). dried 
(Na2S04) and concentrated to 500 mL. This solution was filtered through a 12 x 16 cm 
30 cylinder of silica in a large sintered glass funnel with CH2CI2 to afford 125 g (53%) of 
purified isonitrile as a light brown, waxy solid. IR (CH2CI2) 2130 cm*!. 

c) Pvridine-4-carboxaldehvde r4-MorpholinvlprQp-3-vl1imin& 
Pyridine-4-carboxaldehyde (2.14 g, 20 ramoL), 4-(3-aminopropyl)morpholine 

(2.88 g, 20 mmol), toluene (50 mL) and MgS04 (2 g) were combined and stirred under 
35 argon for 18 h. The MgS04 was filtered off and the filtrate was concentrated and the 
residue was reconcentrated from CH2CI2 to afford 4.52 g (97%) of the title compound 
as a yeUow oil containing less than 5% of aldehyde based on NMR. Ir NMR 
(CD3CI): d 8.69 (d, J = 4.5 Hz, 2H), 8.28 (s. IH), 7.58 (d, J = 4.5 Hz, 2H). 3.84 (m, 
6H), 2.44 (m,6H), 1.91 (m,2H). 
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d) ]-r3-('4-MoqjholinvI'>Dropvn-4-('4-fluorophenvl1-5-(4-pyridyl')imida2ol& 

The compound of example 1(b) (1 .41 g, 5.5 mmol), and the compound of 
example 1(c) (1.17 g, 5.0 mmol) and CH2CI2 (lO.mL) were cooled to 5 OQ 1.5.7- 
triazabicyclo[4,4.0]dec-5-ene, henceforth referred to as TBD, (0.7 1 g 5.0 mmol) was 

5 added and die reaction was kept at 5 for 16 h, diluted with EtOAc (80 mL) and 
washed with satd aq Na2C03 (2 x 15 mL). The EtOAc was extracted widi 1 N HQ (3 
X 15 mL), and the acid phases were washed with EtOAc (2 x 25 mL), layered with 
EtOAc (25 mL) and made basic by the addition of solid K2CO3 til pH 8.0 and then 
10% NaOH til pH 10. The phases were separated and the aq was extracted with 

10 additional EtOAc (3 x 25 mL). The extracts were dried (K2CO3) concentrated and the 
residue was crystalized from acetone/hexane to afford 0.94 g (51%) of the tide 
compound, mp = 149 - 150 0. 



Example 2 

15 l-f3-ChloropropvlV4-f4-fluorophenvl'>-5-f4-pvridvI')imidazole 
a) Pvridine-4-carhoxaldehvde fg-Chloro prnpvnimine 

To 3-chloropropylamine HCl (15.1 g, 0.120 moles (hereinafter mol)) and H2O 
(100 mL) was added pyridine-4-carboxaldehyde (9.55 mL, 0.100 mol), then K2CO3 
. (8.28 g, 0.060 mol) then CH2CL2 (100 mL) and the mixture was stiiied for 40 min. 
20 The phases were separated and the aq phase was extracted with additional CH2CI2 (2 x 
50 mL), dried (Na2S04) and concentrated to afford 17.1 g (94%) NMR (CD3CI): 
d 8.69 (d, J = 4.5 Hz. 2H, 8.32 (s, IH), 8.28 (s, IH). 7.58 (d, J = 4.5 Hz, 2H), 3.71 (ra. 
2H), 3.63 (t, J = 6Hz, 2H), 2.24 (t, J = 6Hz, 2H). The presence of 9% of the aldehyde 

was evident by ^H NMR. 
25 b) l-<'3-ChloropropvlV4-f4-fluomphenv n-'^-r4-pvridvnimidazole 

The compound of example 1(b) (6.85 g, 26.6 mmol), the compound of example 
2(a) (6.32g, 34.6 mmol), CH2CI2 (70 mL), and TBD (4.07 g, 28.4 mmol) were reacted 
by the procedure of example 1(d) to afford 3.19 g (38%). rap = 139 - 140°. 

30 E7camp)e3 

1- f^.A7:trinprnpvn-4-f4-fluorophenvn-5-r4-p vririvnimidazole 

To a solution of the compound of example 2(b) (250 milligram (hereinafter 
mg), 0.79 mmol) and DMF (5 mL) was added NaNs (256 mg, 3.95 mmol) and Nal (12 
mg, 0.08 mmol) and the mixture was heated to 90° till the reaction was completed 
35 based on Uc analysis (19: 1 CH2Cl2/MeOH). The cooled reaction was added to 5% aq 
Na2C03 (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were 
• washed with H2O (3 x 25 mL) and flash chromatographed (2.2 x 10 cm column) with 0 
- 1% MeOH in CH2CI2 to afford 254 mg (100%) of the title compound as a white 
solid. mp = 64-65*^. 
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Example 4 

]-f3-AminoDroDvn-4-r4-flnnrn phenvn-S-ril-pvridvnimida7.n1ft 

The compound of example 3, described above (254 mg, 0.79 mmol), was 

5 dissolved in THF (2 mL) an added dropwise to a 0° solution of IN LiAlH4 in THF 
(1 .2 mL, 1.2 raraol), stirred at 0° for 15 min, EtOAc (4 mL) was carefully added and 

the mixture was added to ice cold 10% NaOH (15 mL) and the product was extracted 
with EtOAc (4 x 25 mL), dried (K2CO3) and concentrated to a waxy soUd, (175 mg, 
75%). mp = 81 - 820. 

10 

Example 5 

l-f3-Methvlsnlfonamidnpmpvn-4 -f4-fliinrnphp.nvlV5-r4-pvridvnimida7.nlp. 

To the compound of Example 4, described above (79 mg, 0.26 mmol) in 
CH2CI2 (0.5 mL) was added EtsN (72 uL, 0.52 mmol), and then methanesulfonyl 

15 chloride (25 uL, 0.31 mmol). The reaction exothermed to CH2CI2 reflux briefly. The 
reaction was over within 1 rain based on flc (19 : 1 CH2CI2 /MeOH) and was pouted 
into 10% NaOH (5 mL) and extracted with EtOAc (3 x 20 mL). The extracts were 
washed with H2O (10 mL) and satd aq Nacl (10 mL), dried (Na2S04), concentrated 
and flash chromatographed (1 x 10 cm silica) with 0 - 8% MeOH in CH2CI2 to afford 

20 63 mg (65%). mp = 186 - I870. f 

Example 6 

l-r3-fN-Phenvlmp.thvnaminnprnpvn-4-f4-fliinrf^ phenvn-5-f4-pvridvnimida7.nlp . 

Following the procedure of example 3 above, except using benzylamine as the 
25 nucleophile and purification of the cmde product by trituration with hot hexane, the 
title compound was prepared as a white solid (32% yield), mp = 125 - 126°. 

Example 7 

l-r3-fN-Phenvlmethvl-N-m&thvnami nonropvn-4-f4-flunmphp.nvn-5-f4- 
30 pvridvlMmidazole 

Following the procedure of example 3 except using N-benzyhnethylamine as 
the nucleophile and purification of the crude product by trituration with hot hexane, the 
title compound was prepared as a white soUd (42% yield), mp = 90 - 91°. 

35 Example R 

l-r3-fl-Pvrrolidinvnnronvn-4-f4-f luornphRnvn-5-f4-Dvridvl')imida7.nlP. 

Following the procedure of example 3 except using pyrrolidine as the . 
nucleophile and purification of the crude product by trituration with hot hexane, Ihe 
title compound was prepared as a white solid (35% yield), mp = 105 - 107°. 
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Exampre 9 

l-f3-DiethvlaminopropvlV4-f4-fluorophenvn-5-f4-pviidvlMmidazole 

Following the procedure of example 3 except using diethylamine as tlie 
5 . nucleophile and isolation of the product by extraction with diethyl ether, the title 
compound was prepared as a white solid (21% yield), mp = 94 - 95^. 

Example 10 

1 >PiperidinvDpropyn-4-f4-fluorophenvlV5-f4-pvridyDimidazole 
10 Following the procedure of example 3 except using piperidine as the 

nucleophile and purification of the crude product by trituration with hot hexane, the 
title compound was prepared as a white solid (63% yield), mp = 105 - 108^, 

Example 1 1 

15 143-fMethvlthiQ>propvn-4-r4-fluorQphenvlV5>f4-pvridvnimidazole 

Following the procedure of example 3 except using sodium thiomethane as the 
nucleophile and omitting the sodium iodide followed by purification of the crude 
product by trituration with hot hexane, the title compound was prepared as a white 
solid (50% yield), mp = 85 - 860. 

20 

pxample 12 

l-r2-f4-Morpholmynethvl1-4-f4-fluorophenvlV5-f4-pvridvnimidazole 

a) Pyridine-4-carboxaldehyde-r2-f4-Morpholinvnethvl1imine 
Following the procedure of example 1(c) except using 4-(2- 

25 arainoethyl)morpholine as the amine, the title compound was prepared as a light yellow 
oil (100%) containing less than 10% of aldehyde based on Ifi NMR. NMR 
(CD3CI): d 8.68 (d, J = 6 Hz, 2H), 8.28 (s, IH), 7.58 (d, J = 6 Hz, 2H), 3.82 (m, 2H), 
3.72 (m, 4H), 2.72 (ra. 2H), 2.55 (m. 4H). 

b) i,r2-f4-Morpholinvl)ethvl1-4-f4-fluorophenvlV5-f4-pvridvnimidazole 
30 Following the procedure of example 1(d) except using the compound of 

example 20(a) as the iraine, afforded the title compound as a white solid (21%). mp = 
114-1150 

Example 13 

35 l-r3-f4>MorpholinvnpropvlV4-f3-methvlthiophenvlV5-f4>pvridvnimidazole 
a) N>r3-methvlthiophenvl-(tolvlthio^methvl1formamide 

Following the procedure of example 1(a) except using m- 
methylthiobenzaldehyde as the aldehyde, the title compound was prepared as a white 
soUd (73%). mp = 103 - IO40. 
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b) 3-methvlthioDhenvl-ftnlv1fh tQ')methvlignfivanirift 

Following the procedure of example 1(b) except using the compound of the 
previous step as the formamide, the title compound was prepared as a light brown oil 
(77%). IR (CH2CI2) 2120 cm -1. 
5 c) l-r3-f4-Momholinvnprnpvn-4-r3-mftthvl thinphenvn-5-f4-pvridv1'>imiria7r>1>. 

Following the procedure of example 1(d) except using the compound of the 
previous step as the isonitrile, afforded the title compound as a white solid (31%). mp 
= 105 - 106°. 

10 Example 14 

l-r3-(4-Mornholinvl'>nrnpvn-4- n-m£thvlsii1finvlphRnvlVS-f4-nvridvnimida7.n1p. 

The compound of example 13(c) (200 mg. 0.49 mmol) was dissolved in HOAc 

(4 mL). K2S2O8 (151 mg, 0.56 mmol) dissolved in H2O was added and the solution 

was stirred for 16 h, poured into 10 % aq NaOH (50 mL) (the resulting solution was > 
15 pH 10) and extracted with EtOAc (3 x 25 mL). The extracts were dried (K2CO3), 

concentrated and the residual oil crystalized from acetone/hexane to afford 87 mg 

(42%) of a white solid, mp = 117 - 118°. 

Example 15 

20 l-r3-rN-methvl-N-henzvl'>a minonrnpvn-4-f3-msthvlthiophenvn-5-f4- 
pyridvIMmidazole 

a) - Pvridine-4-carboxa]dfthvrift3-(N-mRthvl- N-bsnzvlaminnprnr)vniminft 

Following the procedure of racample 1(c) except using 3(-N-Methyl-N- 
benzylamino)propylamine as the amine (Ueda.T.; Ishizaki.K.; Chem. Pharm. Bull. 
25 1967, 15, 228 - 237.), the title compound was obtained as a light yellow oil (100%) 
containing less than 10% of aldehyde based on Ir NMR. Ir NMR (CD3CI): d 8.65 
(d, J = 7 Hz, 2H), 8.21 (s, IH). 7.54 (d, J = 4.5 Hz; 2H). 7.52 (m, 5H), 3.69 (t, J = 1 1 
Hz, 2H), 3.48(s, 2H), 2.44 (t, J = 1 1 Hz, 2H). 2.18 (s, 3H). 1.91 (m, 2H). 

b) l-r3-fN-methvl-N-hen7v naminonmpvn-4-f3-methvlthiophgnvlV5-r4- 
30 pvridvDimidazole 

Following the procedure of example 1(d) except using the compound of 
example 13(b) as the isonitrile, and the compound prepared in the previous step as the 
imine afforded the title compound as a white solid (36%). mp = 87 - 88°. 

35 Example 16 

l-r3-fN-methvl-N-benzvnaminnp ronvll-4-n-methvlsulfinvlphenvn-5-<'4. 
pvridvnimidaznle 

Following the procedure of example 14 except using the compound of example 
15(b) as the sulfide afforded the title compound as a white solid (97%). mp = 84 - 85°. 
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Example 17 

l-r4'fMetfavlthio)phenyl1-4-f4-fluoroph&nvlV5-f4'pvridvIMmidazol^ 

a) Pvridine-4-carboxaldehdvef4-m&thvlthiophenvnimine 

5 Following the procediire of example 1 (c) except using 4-(methylthio)aniline as 

the amine afforded (100%) of a light yellow oil with no detectable amount of aldehyde 
based on Ir NMR. Ir NMR (CD3CI): d 8.75 (d, J = 6 Hz, 2H), 8.47 (s, IH). 7.74 (d, 
J = 6 Hz, 2H), 7.30 (d, J = 8 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 2.52(s, 3H). 

b) l-r4-(Methvlthio)phenvI1-4>f4-fluorophenvIV5-r4-pvridvnimidazole 

10 Following the procedure of example 1(d) except using the compound of the .pre- 

vious step as the imine afforded the title compound as a white solid (27%). rap = 172- 
1730 



Example 18 

15 l-r4-nv4ethvlsulfinvDDhenvn-4^f4-fluorophenvn-5-f4-pvridvnimidazole 

Following the procedure of example 14 except using the compound of example 
17(b) as the sulfide afforded the title compound as a white solid (67%). mp = 202 - 
2030. 

20 Example 19 

l-r3-fMethvlthio^phenvn-4-f4^'fluorophenvl)-5-f4-pvridvlMmidazole 

a) . Pvridine-4-carb6xaidehdve f3-metfivlthiophenylMmine 

Following the procedure of example 1(c) except using 3;(methylthio)aniline as 
the amine afforded (98%) of a light yellow oil with ca 2.5% of aldehyde based on ^H 
25 NMR. 1h NMR (CD3CI): d 8.76 (d, J = 6 Hz, 2H), 8.44 (s, IH), 7.74 (d, J = 6 Hz, 
2H), 7.30 (d, J = 8 Hz, 2H), 7.34 - 6.98 (m, 4H), 2.52(s, 3H), 

b) l-r3-(methylthio)phenvl1-4-f4-fluorophenvlV5-f4-pvridvlMmidazole 
Following the procedure of example 1(d) except using the compound of the pre- 
vious step as the imine afforded the title compound as a white solid (42%). mp = 155- 

30 1560. 

faOTPle ?0 

l-r3-fMethvLsi3lfinvnphenvn-4-f4-fluorophenvn-5-f4>pvridvnimidazQle 

Following the procedure of example 14 except using the compound of example 
35 19(b) as the sulfide afforded the title compound as a white solid (67%), mp = 233 - 
2340. 



]5?^amplp2][ 

l-r2-rMethvlthio^phenvIl-4'f4-fluorQphenvlV5-f4-pvridylMmidazole 
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a) Pyri(jin^-4.cyl?oxaldehdvef?.-methvlthinnhftnvniminp . 

FoUowing the procedure of example 1(c) except using 2-(methylthio)aniline as 
the amine afforded (98%) of a Hght yeUow oil with ca 8% of aldehyde based on Ifl 
NMR. iH NMR (CD3CI): d 8.75 (d. J = 6 Hz. 2H). 8.41 (s. IH). 7.79 (d. J = 6 Hz. 
5 2H), 7.36- 7.00 (m,4H),2.47(s,3H). 

l-r2-(methvlthin^nhftnvn- 4-r4-flunrf>phenvn-5-f4-pvridvnimi(1a7.n1ft 
Following the procedure of example 1 (d) except using the compound of the 
previous step as the imine and purification by flash chromatography with 0-1% 
MeOH in CH2a2 afforded the tifle compound as a non-crystalline white foam (53%). 
10 mp = 59 - 60O. 



Example 22 

l-r?-fMethvISUmnvnnhcnvn-4-r4-fliif>mph>..nv n -5-f4.nvrif1vniTniriaT^lA 

FoUowing the procedure of example 14 except using thfe compound of example 
21(b) as the sulfide, and purification by flash chromatography with 0 - 4% MeOH in 
CH2CI2 afforded the tide compound as a non-crystalline white foam (52%). mp = 60 - 
1650. (The iU defined mp is probably the result of a mixture of conformational isomers' 
which is clearly indicated in the 1h and 13c NMR spectra of this compound.) 

Example 23 

l-(3-ChloronrOPVl'>-4-f4-flunrnphpnv|^- S-r4-pvririvnimidayni(> 

(See also Example 2 above for alternative method of preparation) 

a) 4 -Fluoroph envl-to.svlmfttfavlfnrmami^ p. 

To a solution of toluene sulphinic add sodium salt hydrate (120g) in water (750 
ml) was added concentrated sulphuric add (16ml). Dichloromethane (SOOinl) was 
added and the organic and aqueous layers were separated; the aqueous layers being 
extracted with dichloromethane (2x200ral). The combmed organic extracts were dried 
(Na2S04) and evaporated to dryness to yield the solid sulphinic acid (71.79g, 0.46 
mole). This was added to p-fiuorobenzaldehyde (57.04g. 0.46 mole) and formamide 
(62. Ig, 1.38 mole) and the resulting mixture was stirred with camphor- 10-sulphonic 
acid (21.3g. 0.092 mole) at 60-65°, under nitrogen for 22 hours. A solution of sodium 
bicarbonate (33.6g, 0.40 mole) in water (400ml) was added to the ice-cooled soUd 
product which was broken up and stured for 30 minutes. The crude product was 
coUected and washed with acetone (220ml) and then ether (3x220ml) and diied to yield 
the desired product, 9L5g, 64.8%. 

b) 4-nuoronhe nvl-to.svlnip.rhvli.sncvanif1p. 

To a suspension of the compound of the previous step (3.22g, 10.5 mmole) in 
dimethoxyethane (21ml) stirring at -10° was added phosphorus oxychloride (2.36ml, 
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25.3 mmole) dropwise over 5 minutes. Triethylaraine (7.35ml, 52.5 ramole) was then 
added dropwise over 10 minutes and the reaction mixture was poured into saturated 
sodium bicarbonate solution (lOOmI) and the oily product was extracted into 
dichloromethane (2x30ml). The organic extracts were evaporated to yield a black oil 
5 (3.51g) which was eluted from Grade m basic alumina (60g) using dichloromethane. 
The combined product fractions were evaporated and ether added to crystallize the 
desired product, 1.735g, 57%. 

c) l-f3-ChloroproDvlV4-r4-fl uorophenvn-.S-f4-pvridvn-imidazole 
10 To a solution of the comipound of the previous step (1.1 83g, 4.09mmol) and the 

compound . of example 2(a) (1.122g, 6.15mmole) in dimethoxyethane (15ml) at ambient 
temperature was added dropwise over 10 minutes a solution of DBU (0.67ml, 
4.51mraole) in dimethoxyethane (10ml). The reaction mixture was stirred at ambient 
temperature for l-l/2hours and then evaporated to leave an oil which was eluted from 
15 Grade HI basic alumina (lOOg) to yield the desired product, 1.096g, 85%. 

Example 24 

l,r4-f4-MorpholtnvDbutvl1-4>(4-fluorophenylV5-f4-pyridyDimidazole 

a) 4-f4'Morpholino)butvl-l-pthalimide 

20 4-Bromobutyl-l-pthalimide (5.0 g, 17.7 mmol) and raorpholine (20 mL) were 

combined and stirred for 3 h, diluted with Et20 (200 mL), and filtered. The solid was 
washed with more EtiO and the combined filtrates were extracted with 3 N HCl (3 x 
25 raL). The combined acid phases were washed with EtaO (3 x 50 mL), layered with 
EtOAc and made basic by the addition of solid K2CO3 til the foaming stopped jand then 

25 10% aq NaOH was added til the pH was > 10. Extraction with EtOAc (3 x 100 mL), 
drying, (K2CO3), concentration and flash filtration 1 L silica wash first with 0-4% 
MeOH in CH2CI2 and then elute product with 4% MeOH and 1% EtsN in CH2CI2 to 
afford 5.52 g (54%) of the title compound as a white solid. 

b) 4-f4-Morphohno)butvlamine 

30 The compound of example 24 (a) (1.0 g, 3.47 mraol), hydrazine raonohydrate 

(190 |xl, 3.82 raraol) and CH3OH (20 raL) were combined and stirred at 23° overnight. 
The CH3OH was removed in vacuo and the resudue was concentrated to dryness from 
EtOH. The residue was combined with 2N HCl (20 mL) and stirred for 2h, filtered and 
the solid was washed with H2O. The combined filtrates were concentrated in vacuo 

35 and reconcentrated from EtOH twice to give a white foam which was dissolved in 3: 1 
CH2CI2/CH3OH, and stirred with solid K2CO3 for 5 min and filtered. The filtrate was 
concentrated to afford 0.535 g (80%) of a brown oil. ^H NMR (CD3CI): 3.7 - 3.2 (m. 
6H), 2.7 - 2.2 (m, 6), L6 - 13 (m, 6H). 

c) Pvridine-4-carboxaldehvde r4-f 4-morpholinyDbutyllimine 
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Following the procedure of example 1(c) except using the compound of example 
24(b) as the amine the tifle compound was prepared as a light yeUow oil (1(X)%) con- 
taining 30% of aldehyde based on iR NMR. Ifl NMR..(CD3C1): 8.60 (d, J = 6 Hz, 2H), 
8.19 (s, IH), 7.51 (d, J = 6 Hz. 2H), 3.7 - 3.2 (m. 6H). 2.5 - 2.2 (m, 6), 1.7 - 1.4 (m, 4H). 
5 d) l-r4-(4-MQrpholinvnhutvll-4-f4-flunrnnhftnv n-5-r4-nvridvnimtriayn1^ 
Following the procedure of example 1(d) except using the compound of 
example 24(c) as the imine afforded the title compound (38%). mp == 103 - 104°. 

Example 25 

10 l-CvclODronvl-4-('4-fliinrn phenvn-5-f4-pvridvnimid37nlft 

a) Pvridine-4-carboxaldehv de cvclnprnpYlimip p. 

Following the procedure of example 1(c) except using a 100% excess of the 
volatile cyclopropylamine the title compound was prepared as a light yellow oil 
(100%). 1h NMR (CD3a)i 8.65 (d. J = 6 Hz. 2H). 8.40 (s, IH). 7.51 (d. J = 6 Hz. 
15 2H), 3.07 (m, IH). 1.01 (m, 4H) 

b) l-Cvclopronvl-4-f4-fliinrn phenvlV5-r4-pvridvl^midazn1p. 

The compound of the previous step (20 mmol). the compound of example 1(b) 
(5.65g, 22 mmol), and CH2CI2 (20 raL) were cooled to 0° and TBD (2.84g, 20 mmol) • 
was added. Stirred at 5° for 2h, 23o for 48h and refluxed for 4 h. The crude reaction 
20 was flash filtered through a sintered glass funnel fiUed with silica (1 L of siHca) eluting 
with 0 - 4% CH3OH in CH2CI2. Crystals from hexane/acetone to afford 839 mg (15%) 
mp.= 129.0- 129.50. 

Bcample 26 

25 l-Isopropvl-4-f4-fluomphftnvlV5-f4-pvri dvnimida7:nle 

a) Pyridine-4-carboxaldehvdeisopmpvliminft 

Following the procedure of example 1(c) except using isopropylMnine as the 
amine the title compound was prepared as a light yellow oil (100%). ^H NMR 
(CD3CI): 8.67 (d, J = 4.4 Hz. 2H). 8.27 (s. IH). 7.59 (d, J = 4.43 Hz, 2H). 3.59 (m, 
30 lH).1.27(d.J = 6.3Hz.6H). 

b) 1 -IsoDropvl-4-r 4-fliinrnp henvn-5-f4-pvridvnimida7r>1p. 

Following the procedure of example 1(d) and substituting the imine of the 
previous step the compound was prepared using a modified work up of flash filtration 
of the crude reaction through siUca (0 - 4% CH3OH in CH2CI2). Two crystallizations 
35 from hexane /acetone afforded the title compound as tan needles (30 %). mp = 179 0 - 
179.5. 



Example 27 

l-Cvclopronvlmethvl-4-r4-flunrnphpnY^) -5-r4-pvridvlVmif1a79 lP. 
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a) Pyriaine-4-part)p?^ajdehyde Cyclppropylmethylimine 

Following the procedure of example 1(c) except using cyclopropylmethylaraine 
as the amine the title compound was prepared as a light yellow oil (100%). ^HNMR 
(CD3CI): 8.69 (d, J = 4.5 Hz, 2H). 8.27 (s, IH), 7.61 (d. J = 4.5 Hz, 2H). 3.55 (d, J = 
5 6.7 Hz, 2H), 1. 15 (m,lH), 0.57 (m, 2H), 0.27 (m, 2H). 

b) l-'Cyclopropvlmethvl-4-(4-fluorophenvlV5-f4-pvridvl^imidazole 
Following the procedure of example 1(d) substituting the imine of the previous 

step the compound was prepared using a modified work up of flash filtration of the 
cmde reaction through silica (0 - 4% CH3OH in CH2CI2). Crystallization from hexane 
10 /acetone afforded the title compound as white flakes (62 %). mp = 162^0 - 162.5. . 

Example 28 

l-tert-Butvl-4-r4'fluorophenyIV5-r4-pyridyIMmidazole 

a) Pvridine>4-carboxaldehvde tert-butvlimine 

15 Following the procedure of example 1(c) except using tert-butylamine as the 

amine the title compound was prepared as a light yellow oU (100%). NMR 
(CD3CI): 8.67 (d. J = 4.4 Hz, 2H), 8.22 (s, IH), 7.61 (d, J = 4.4 Hz, 2H), 1.30 (s, 9H). 

b) ^tert-Pvtyl-4-f4-jnq9r9phgnyl)>g-(4-pyridyDiniia^zQle 

Following the procedure of example 1(d) substituting the imine of the previous 
20 step the compound was prepared using a modified work up of flash filtration of the 
crude reaction through silica (0 - 4% CH3OH in CH2CI2) to afford the title compound 
as tan powder (16 %). mp = 199.0 - 200.0. 

Example 29 

25 l-f2.2-Diethoxvethvn^f4-fluorophenvlV5-f4^pvridv nimidazole 

a) . Pyridine-4-carboxaldehvde 2.2-diethoxvethylimine 

Following the procedure of example 1(c) except using 2,2-diethoxyethylamine 
as the amine the title compound was prepared as a light yellow oil (100%). ^H NMR 
(CD3CI): 8.69 (d, J = 4.4 Hz. 2H), 8.28 (s, IH), 7.60 (d, J = 4.4 Hz, 2H). 4.82 (t, J = 
30 5.1 Hz, IHO. 3.82 (d, J = 5.1 Hz, IH), 3,72 (m, 2H), 3.57 (m, 2H), 1.21 (t, J = 7.3 Hz, 
6H). 

b) l-f2.2-Diethoxvethyn-4-f4-fluorophenvn-5-f4-pvridvnimidazole 
Following the procedure of example 1(d) substituting the imine of the previous 

step, the compound was prepared using a modified work up of flash filu-ation of the 
35 crude reaction through silica (0 - 4% CH3OH in CH2CI2). followed by a flash 

chromatography through silica with 25 - 100% EtOAc in hexane) and trituration of the 
resulting gum with hexane afforded the title compound as a white powder (47 %). mp 
= 69.5-70.0. 
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Example ^0 

l-Foniivlmethvl-4-f4-fli]n TOnhsnvn-S-r4-nvridvnimida7.n1ft 

The product of example 29(b) (400 mg, 1.13 mmol), H2O (10 mL), acetone (10 
raL) and coned H2SO4 (1 mL) were combined and refluxed for 24 h. ' Most of the 
5 acetone was removed in vacuo and the residue was combined with 5% aq NaaCOa and 
extracted with EtOAc, dried (Na2S64), concentrated and ciystallyzed from acetone to 
afford the tide compound as a white powder (47 %). mp = 118.5 - 119.0. 

Example 31 

10 l-Hvdroxviminvlmethvl- 4-r4-fltinrnphp.nvn-5-f4-pvridvnimidazole 

The product of example 30 (317 mg, 1.13 mmol), hydroxylamine hydrochloride 
(317 mg), pyridine (317 \iL), and EtOH (3.8 mL) were combined and refluxed for 3h, 
poured into 5% aq Na2C03, and extracted with EtOAc, dried (Na2S04) and flash 
filtered in 0 - 4% MeOH in CH2CI2 to afford 261 mg (78%) of the title compound as a 

15 white powder, mp = 184.0- 185.0. 

Example 32 

l-Cvanomethvl-4-f4-fliin ronhenvn-5-r4-pvridvnimida7.nlft 

The product of example 31 (250 mg, 0.84 raraol), and CUSO4 were combined 
20 and refluxed for 2h. The cooled reaction was flash filtered in 0 - 4% MeOH in CH2CI2 
to afford 129 mg (55%) of the title compound as a white powder, mp = 132.0 - 133.0. 

Example 33 

l-r3-(4-Momholinvnnropvn-4-r4-fliinmp henvn-5-f2-methvlDvrid-4-vnimida7n1ft 
25 a) 4-Fonnvl-2-methvlpvridinft 

4-Cyano-2-methylpyridine was prepared from 2,6-lutidine asccordirig to the 
literature procedure (Y amanaka,H.; Abe JI.; Sakamoto.T.; Hidetoshi, Hiranuma,H.; 
Kamata,A. Chem. Pharm. BuU. 25(7), 1821 - 1826.). A solution of 4-Cyano-2- 
methylpyridine (0.367 g, 3.1 1 mmoL) and toluene (3.5 mL) was cooled to -78° and 1 

30 M DIBAL in hexanes (3.6 mL, 3.6 mraoL) was added dropwise via syringe pump (T < 
-65°). The reaction was warmed to 5° and stirred for 5 rain, recooled to -78o and 
CH3OH (3.5 raL) was added (T < -40°), warmed to 5° and stirred for 5 rain and then 
25% aq RocheUe's salt was added, stirred for 3 rain and then acidified to < pH 1.0 with 
10% aq H2SO4. The aqueous was made basic by the addition of solid K2CO3 and 

35 extracted with EtOAc. The extracts were dried (Na2S04) concentrated and filtered 
through silica (2% MeOH in CH2CI2) to afford 253 mg (84%) of aldehyde. Hi NMR 
(CDsQ): d 10.05 (s. IH). 8.74 (d. J = 7Hz, 1 H). 7.51 (s, IH), 7.30 (d, J = 7Hz, IH), 
2.68 (s, 3H). 

b) Pvridine-4-carboxaldehvdp.r3-f4-mnrphnlin vnpropvlliminp. 
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The product of the previous step and 4^(3-aminopropyl)raarpholine were 
reacted by the procedure of example 1(c) to afford the title compound as a yellow oil 
containing no aldehyde based on NMR. NMR (CD3CI): d 8.57 (d, J = 5,0 Hz. 
IH), 8.25 (s, IH). 7.46 (s, IH); 7.36 (d. J = 5.0 Hz, IH), 3J1 (ra, 6H), 2.60 (s, IH); 
5 2.35 (m, 6H), 1.90 (m, 2H). • 

c) 143-f4-MorDholinvnpropvl V4-f4-flnornphenvn-5-f2-methvlpvrid-4- 
ynimidazole 

The compound of the previous step, and the compound of example 1(b) were 
reacted by the procedure of example 1(d) to afford the title compound as a white solid 
10 [51% from 33 (a)], mp = 116-1170 

Example 34 

4>(4-FluorophenvlVl-r3>r4-morpholinvnpropvll-S>f2-chlQropvridin-4>vn imidazole 

a) 2-Chloropvridine-4-carboxaldehvde r3-r4-morpholinvl)propvniming 

15 2-ChloropjTidine-4-carboxaldehyde was prepared as described in the patent 

literature (WPI Acc. No. 88-258820/37) whose disclosure is incorporated by reference 
in its entirety herein. This aldehyde was reacted with 4-(3-aminopropyl)raorpholine by 
the procedure of example 1 (c) to afford the title compound as a yellow oil. ^H NMR 
(CD3CI): 5 8.45 (d, J = 5.1 Hz, IH), 8.24 (s, IH), 7.63 (s, IH); 7.51 (d, J = 5.1 Hz, IH), 

20 3.72 (m, 6H), 2.44 (m, 6H), 1.91 (m, 2H). 

b) 4^f4-HuoroDhenvlVl-r3-f4-m6n)hoiinvnDroDvl1-5-f2-chloro-4^^ 
imidazole ^ ' 

Following the procedure of example 1(d) except using the compound of the pre- 
vious step as the iraine afforded the title compound as a white solid (93%). mp = 97.0- 
25 97.50 

4-f4-RuorophenylVl-r3-f4-morpholinvDpropyn-5-f2-amino-4-pvridinvI) imidazole 

a) 4-f4-FluoroDhenvn-l-r3-f4-morDholinvnnropvn-5-f2-hvdrazinvl-4-pvridinvn 
30 jiipi^azQlg 

The compound of example 34(b) (872 mg, 2.18 ramoL) and 98% hydrazine 
hydrate (9 mL) was heated to 1 15° (badi temp) for 20 h, cooled to 23^ combined with 
H2O (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were 
washed with H2O (2 x 20 mL) and dried (Na2S04). Flash chromatography with 0 - 8% 
35 CH3OH in CH2CI2 afforded 547 mg (63%) the tide compound as a white soUd. 

b) 4-f4>FluQroDhenvn-l-r3>r4-mQrpholinv npropvn-5-f2-amino-4-pvridinvn 
imidazole 

The compound of the previous step (100 mg, 0.25 mmoL), absolute EtOH (15 
mL) and Raney Ni (0.4 mL) were shaken under H2 (45 psi) for 4 h. Flash 
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Chromatography with 0-8% CH3OH in CH2a2 afforded 34 mg (37%) the tide 
compound as a white solid, mp = 1 86 - IS?". 



Example 36 

5 l-(4-CarboxvmethvnDroDvl-4-f4-flunrophanv n-S-f4-pvridvl^imida7.nlft 

a) Pvridin&-4-carboxa]dfthv dg r4-carhnTvmethvlhotv]^imi ne 
Pyridine-4-carboxaldehyde was reacted with methyl-4-aminobutyrate by the 

procedure of example 1(c) to afford the title compound as a yellow oil. NMR 
(CD3CI): 5 8.69 (d, J = 5.8 Hz, 2H), 8.27 (s, IH); 7.56 (d, J = 5.8 Hz, 2H). 3.70.(m, 
10 2H);2.31 (t,J = 8.0Hz.2H),2.08.(m,2H). 

b) l-(4-Carboxvmedivl^prnp vM-(4-fliinrophenvlV5-f4-nvridvnimiria7.olft 
Following the procedure of example 1(d) except using the compound of the 

previous step as the imine afforded the title compound as a white solid (35%). mp = 
69.0 - 70.00. 

Examples? 

l-f4-Carhoxvnropvn.4-f4-fliinrn phenvn-5-f4-pvridvnimida7.ole 

TTie compound of example 36 (100 mg, 0.29 mmol), CH3OH (3 mL), and THF • 
(1.5 mL) were combined and the resulting sohi was tteated with a soln of LiOH (62 , 
20 mg, 1.5 mmol) in H2O (1.5 mL) and the resulting soln was stirred for 4 h. Removal of ^ 
the volatile compounents in vacuo, redisolving in H2O and chromatography through 
HP-20 with H2O til the eluates were neutral and then with 25% aq MeOH afforded the 
title compound as the lithium salt; 65mg (68%). ES (+) MS m/e = 326 (MH+). 

25 Example 38 

l-f3-CarhnxvmRfhv nethvl-4-f4-fluorophenvn-5-f4-nvridvnimida7.n1e 

a) Pvridine-4-carboxaldehvd ft f3-caihoxvmethvnethvl imine 
Pyridine-4-carboxaldehyde was reacted with ^-alanine methyl ester by the 

procedure of example 1(c) to afford the title compound as a yellow oil. ^H NMR 
30 (CD3CI): 5 8.68 (d, J = 4.5 Hz. 2H). 8.33 (s, IH); 7.57 (d. J = 4.5 Hz. 2H). .3.93 (t, J = 
6.7 Hz. 2H); 3.68 (s, 3H). 2.76 (t, J = 6.7 Hz, 2H). 

b) l-f3-Carbnxvmethvnethv l-4-f4-flunrnphenvn-5-f4-pvridvnimiria7.n1.;>, SB. 
219302 

Following the procedure of example 1(d) except using the compound of the 
35 previous step as the imine afforded the titte compound as a white solid (40% from the 
amine), mp = 1 19.0 - 120.00. 



Example 39 

l-f3-Carboxv1ethvl-4-f4-fln oronhftnvn-5-f4-pvridvnimida7.nlft 
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The compound of example 38(b) was nydrolysed by the procedure of example 
37 to afford the title compound as the lithium salt; (71%). ES (+) MS ra/e = 312 
(MH+). 



Example 40 

l-ri-BenzvlDip&ridin-4-vIV4-r4> fluQroph&nv1V5-f4-pvridvn imidazole 

a) Pvridine>4-carboxald&hv de n-hRn7vlDiDeridin-4-vniminft 
Pyridine-4-carboxaldehyde was reacted with 4-amino-N-benzylpiperidine by 

the procedure of example 1(c) to afford the title compound as a yellow oil. 

b) l-fl-BenzvlniDeridin>-4-v lV4-f4-flunrophenvIV5>f4~pvridvn imidayolft 
Following the procedure of example 1(d) except using the compound of 

example the previous step as the imine afforded the title compound as a white solid 
(9% from the amine). ES (+) MS m/e = 413 (MH+). 

15 Example 41 

5-f2-Aminopvrimidin-4-vlV4-f 4-fluorQphenvlVl-r3-r4-MorDholinvl)propv]1 
imidazole 

a) 2-AminoPvrimidine-4-carhoxaldehvde di methyl acetal 
Dimethylformamide dunethyl acetal (55 mL, 0.41 mol), and pyruvic 

20 aldehyde dimethyl acetal (50 mL. 0!41 ihol) were combined and heated to 100^ 
for 18 h. Methanol was removed in' vacuo to afford an oil. 

A solution of NaOH (1 8 g, 0.45 mol) in H2O (50 mL) was added to 
guanidine HCl (43 g, 0.45 mol) in H2O (100 mL), and the resulting solution was 
added to the above described oil. The resulting mixture was stirred at 23^ for 48 

25 h. Filtration afforded 25g (50%) of the title compound. 

b) 2-Aminopvrimidine-4-carboxaldehvde 

The compund of the previous step (1.69 g, 10 mmol) and 3N HCl (7.3 
mL, 22 mmol) were combined and heated to 48^ for 14h, cooled, layered with 
EtOAc (50 mL) and neuti-alized by the addition of NaHCOa (2.1g. 25 mmol) in 
30 small portions. Hie aq phase was extracted with EtOAc (5 x 50 mL) and the 

extracts were dried (Na2S04)and concentrated to afford 0.793 g (64%) of the title 
compound. 

c) 2-Amihopvrimidine-4>carboxaldehvde r3-f4>Morpholinvnpropvlliminfi 
The compound of the previous step and 4-(3-aminopropyl)morpholine- 

35 were reacted by the procedure of example 1(c) to afford the title compound as a 
yellow oil. 

d) 5>f2-Aminopvrimidin>4-vlV4-f4-fluorophenvn-l-r3-f4- 
Morpholinvnpropvll imidazole SB 2163R5 



5 
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Following the procedure of example 1(d) except using the compound of 
the previous step as the imine afforded the title compound as a white solid. 
NMR (CD3CI) 5 8.15(d, J = 5.4 Hz. IH), 7.62(s,lH), 7.46 (dd, 2H), 7.00(t, J = 
8.6Hz, 2H), 6.50(d, J = 5.4 Hz, IH), 5.09(brd.s, 2H), 4.34(t, J = 7.0 Hz, 2H), 
5 3.69(m, 4H), 2.35(brd.s.4H), 2.24(t, J = 4.6 Hz, 2H), 1.84(m, 2H). 

Example 42 

5-f2-AminoDvrimidin>4-vlV4-r4- fluQrnphenvlVl-n-benzvlpiperidin>4-vnjmidfl^ 

a) 2-AminbPvrimidine-4-- carboxaldehvden-benzvlpiperidin-4-vnimine 

10 2-Aminopyrimidine-4-carboxaldehyde and 4-aminobenzylpiperidine were 

reacted by the procedure of example 1(c) to afford the title compound as a yellow oil. 

b) 5-f2>Aminopvrimidin-4- vlV4-f4->flnnrophenvlVl-fl-benzvlpipgridin-4^ 
Yl)iim^(?aZQlg 

Following the procedure of example 1(d) except using the compound of the 
15 previous step as the imine afforded the tifle compound as a white solid (31% from the 
amine), mp = 227 - 229° (dec). 

Example 4!^ 

■ 5-f2-Aminonvrimidin-4-vIV4-r 4-fluornphftnvlVl..f2-prnpvDimidazQle 
20 a) 2-Aminonvrimidine^4-carh oxaldehvdftr2-propvnimine 

2-Aminopyrimidine-4-carboxaldehyde and 2-propyl amine were reacted by the 
procedure of example 1(c) to afford the title compound as a yellow oil. 
b) 5"f2-Aminot)vrimidin-4- vn-4-r4-flunrnphenvlVl-r2>Dropvnimida7n]ft 

Following the procedure of example 1(d) except using the compound of the 
25 previous step as the imine afforded the title compound as a white solid (32% from the 
2-aminopyrimidine aldehyde), mp = 201 - 202^. 

Example 44 

5-f2-Aminonvrimidin^4-vn-4-r4^ fluoroDhenvlVl-fcvclopropvlmethvnimidfl7n1ft 
30 a) 2>AminoDvrimidine>4-carbnxaldehvdercv cloprQpvlmftthvnimtnP. 

2-Aminopyrimidine-4-carboxaldehyde and 2-cyclopropylmethyl amine were 
reacted by the procedure of example 1(c) to afford the tide compound as a yellow oil. 
b) 5->r2-Aminonvrimidin>4- vlV4-r4-flnnrophenvlVl-rcvclopropvU 
methvnimidazhle 

35 Following the procedure of example 1 (d) except using the compound of the 

previous step as the imine afforded the tifle compound as a white solid (38% from the 
2-aminopyrimidine aldehyde), mp = 187 - 188^. 
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Example 45 

2>Aminopvrimidin-4-yn-4-f4-fluorophenvl V 1 -f 1 -carboxvetfavl-4- 
piperidinvDimidazole 

a) 2-AminoDvrimidine-4-carboxaldehvd6f^carboxvethvl-4 >DiDeridi^^^ 

5 2-Aminopyrimidine-4-carboxaldehyde and l-carbdxyethyl-4-aminopiperidine 

were reacted by the procedure of example 1(c) to afford the title cora"pouiid as a yellow 
oil. 

b) 5-f2-Aroinopvrimidin'4-vlV4-f4-fluorophenylVl-flrcait>oxvethvM- 
piperidinvIMmidazole - 

10 Following the procedure of example 1(d) except using the compound of the . 

previous step as the imine afforded the title compound as a white solid (26% from the 
2-aminopyrimidine aldehyde), rap = 216 - 218^ (dec). 

Example 46 

15 5-f2-Aminopvrimidin-4-vl)-4-('4-fluorophenvlVl-f4-piperidinvn imidazole 

a) 2-Aminopvrimidine-4-carbQxaldehyde f l-t-butoxvcarbonvM- 
aminopiperidinvnimine 

2-Aminopyrimidine-4-carboxaldehyde prepared in Example 41 and 1-t- 
. butoxycarbonyl-4-aminopiperidine (Mach R. H., etal., J. Med. Chdrn. 36, p3707- 
3719, 1993) were reacted by die procedure of example 1(c) to afford the title 
compound as a yellow oil 

b) . 5-r4-f2''Amino>pvrimidinvn-4-f4-fluorophenvlVl>fi-t- 
butoxycarbonylpiperidin-4-vD imidazole 

Following the procedure of example 1(d) except using the compound of 
the previous step as the imine afforded the title compound as a white solid (27% 
from the 2-aminopyrimidine aldehyde), 

c) 5WZ-/^m)vynmi^mU^^ 

imidazole SB-22002g 

The compound of the previous step was combined with 4N HCl in 
dioxane (5 mL), stirred 10 min, diluted wilth EtOAc and the liquid phase was 
decanted. The solid was twice washed with Et20 (25 mL) and the liquid phase 
was decanted. Further trituration with EtOH (abs) and then Et20 and drying in 
vacuo at 50^ for 16 h afforded the title compound as the trihydrochloride (41%). 
rap = 265 -275 (dec) 

Example 47 
1 -Meth vl-4'phen vl-5- f 4-p vrid vHimidazole 

Following the procedure of example 48(b) except using benzonitrile the title 
compound as a white solid, mp = 161-162^. 
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ExamplR dH 

l-Methvl-4lr3-fchlornnhenv]n- 5-r4-pvririinynimida7.nlp. 

a) N-r4-Pvririin vlmethvn-N'-inftfhvlfnrmamiHp 

To a Stirring, argon-purged solution of 4-picolyl chloride-HCl ( 15g, 91.4 
5 mmol) and N-raethylformamide (53.4 ml, 914 mmol) in 300 ml of TEiF at room 

temperature was added portionwise over a 20 minute period a suspension of 80% NaH 
(5.48g, 183mmol). The reaction was quenched 18h later by the addition of ice, 
partitioned between methylene chloride and water, washed with water and brine, dried 
over MgS04, and evaporated to dryness to afford a dark oU. Rash chromatography on 
10 siUca gel provided 10.5g (76%) of the tided compounds a pale yellow oil. TLC; silica 
gel (9;1 CHCl/ MeOH) Rf = 0.54. 

b) l-Methvl-4-r3-rchlnmphp. nvni-5-r4-pvridinvnimida7nlft 

To a stirred, argon-covered. -780 solution of litiiium diisopropylamide 
15 (hereinafter LDA), (prepared from 1 1.2 ml of diisopropylaminfc in 150 ml of 
tetrahydrofuran (hereinafter THF) by tiie addition of 31.9 ml of 2.5M n-BuU in 
hexanes) was added dropwise flie product of tiie previous reaction (lOg, 66.5 mmol) in 
100 mL of THF. Stirring of the resultant reddish-brown solution was continued at -78° 
for 40 min at which point 3-chlorobenzonitrile (18.3g, 133 mmol) in 100 mL THF was 
20 added dropwise over 20 min. The reaction was allowed to warm to room temperature, 
stirred for Ih and heated to reflux for 12 h. The reaction was cooled and worked up in 
a manner similar to die previous reaction. Hash chromatography on silica gel provided 
2. 15g of an oil which was crystallized by dissolution witii heating in 10 mL of ethyl 
acetate. FoUowing crystallization, tiie soUd was collected, washed, and dried (0.4 ram 
25 Hg) to afford 1.43g (8%) of tiie titied compound as a Ught tan soUd. mp = 1 19-1210. 

Example 4Q' 

l-Methvl-4-n-m ethvltiiiophenvl')-5-r4-pvridvlMmida7.nlft 

Following tiie procedure of example 48(b) except using tiie compound of 
30 example 13(b) as tiie aryl nitrile the titie compound was obtained as a white solid. ES 
(+)MSm/e = 281 (MH+) 

Example 50 

l-Methvl-4-f3-me thvlsulfinvlphenvn-5-r4-pvridvniTnif1a7nlp. 

Following tiie procedure of example 14 except using die compound of example 
35 49 as tiie sulfide tiie tide compound was obtained as a white solid. ES (+) MS m/e = 
297 (MH+) 



ExamniR SI 

(iV-V4-f4-Fluoronhenvn-l-r3-fmRthvlsuifinvnpmpvn.5-r4-nvririinvnimiH^ y TTl '' 
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Following the procedure of example 14 except using the compouna rrom 
example 11 as the sulfide and quenching with saturated aq NH4OH afforded the tide 
compound as a white solid (0.87 g, 80%). mp = 122 - 1230. 

5 Example 52 

4-f4>FluorophenvlV14f3-methvls ulfQnvnprnpvn-5-f4>nvridinvlMmida7^1^ 

The compound of Example 51 (0.5087 g, 1.48 mmol) was dissolved in 
methanol (8 ml) and cooled to O^^C. The addition of trifluproacetic acid (0.12 ml) was 
followed by the drop wise addition of raeta-chloroperoxybenzoic acid (0.23 g, 2.22 

10 mmol) dissolved in CH2CI2 (10 ml). After stirring for 1 h the solvents were 

evaporated. The residue was partitioned between H2O and EtOAc and the aqueous 
phase was made basic by the addition of 2N NaOH. The organic phase was separated, 
dried (MgS04) and concentrated and the residue was pruified by flash chromatography 
(silica gel, 5% MeOH/CH2Cl2) to afford the title compound (0.37 g, 69%). mp = 146 - 

15 1470. 

lE^amplg 53 

^f3-PhenoxvpropvlV4-(4-fluorophenvlV5-r4- pvridinvnimidazole 

To a solution of the compound from example 2(b) (0.22 g, .70 mmol) in 
20 acetonitiile (10 ml) was addeid K2CO3 (0.19 g, 1.40 mmol) and phenol (0,10 g. 1.05 
mmol). After stirring at 70**C for 24 h the reaction was diluted witii H2O. The organic 
phase was separated and concentrated and the residue was purified by flash 
chromatography (silica gel, 5% MeOH/CH2Cl2) followed by recrystalization in hexane 
to afford the title compound (0.02 g, 8%) as a white solid, mp = 95 - 96^. 

25 

Example 54 

l-r3-(Phenvlthio)propvlV4-f4-fluorophenvlV5-f4-pvridinvl)imidazole 

Following the procedure for example 3 except using thiophenol as the 
nucleophile, adding 2.2 eq K2CO3 and omitting the Nal. The cooled reaction was 
30 diluted with 10% NaOH and die product was extracted witii ether. Flash 

chromatography was followed by recrystalization from hexane to afford the title 
compound (0.13 g, 53%) as white needles, mp = 98 - 99°. 

Example 55 

35 l>r3-r4-MnrpholinvnprQPvn-4>f4-fluorophenvlV5-f4-quinolvnimidazole 

a) Ouinovl-4-carboxaldehvde r3-f4-MorphQlinvnpropvllimine 
Quinoyl«4-carboxaldehyde and 4-(3-arainopropyl)morpholine were reacted by 

■ the procedure of example 1(c) to afford the tide compound as a yellow oil. 

b) l-r3-f4-Morpholinvl)propvlV4-f4-fluornphenvIV5-f4-quinolvnimidazole 
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FoUowing the procedure of example 1(d) except using the compound of the 
previous step as the imine afforded the title compound as a white soUd (48% from the 
amine), mp = 139.5 - 140.0. 

^ Examplft 5fi 

(4/-)-^f3-Phe^v1sl^lflnvlprnpv^^-4-fi■flnnmpl1ftnY lV5-f4-nvridtt1vniITlida7■nlft 

Following the procedure of example 14 except using the compound from 
example 54 as the sulfide and quenching with saturated aq NH4OH afforded the title 
compound as a white soUd mp = 146.5 - 148°. 

10 

Example 57 

l-f3-Ethoxvnrnnvn-4-f4-flnr>rnp henvn-5-r4-pvTidinvnimiri37.n1ft 

To a solution of the compound of example 2(b) (0.40 g, 1.26 mmol) in ethanol 
25 ml) was added sodium ethoxide (0.8 ml, 21 wt% in ethanol). After refluxing 16 h 
15 the mixture was cooled, diluted with H2O and extracted with EtOAc. Concentration of 
the solvent and purification by flash chromatography (siKca gel, 5% MeOH/ CH2CI2) 
afforded the title compound (0.05 g, 12 %). mp = 85 - 86°. 

Example 58 

^ ^(3-Phpnyls^^lfonvlnronv1-4-f4-flllnrnp hP.n ylV5-^^4-pvridinvnimidflrnV ■ 

Following the procedure for example 52 except using the compound from 
example 56 as the sulfoxide and recrystaHzing from hexane foUowing the 
chromatography afforded the tide compound as white solid, mp = 109 - 110°. 

^ Examplft 59 

l-r3-f4-Momholinvnnronvn-4-n-r.h1 oronhenv]V5-a-pvridvnimirifl7nlA 
a) 3-chloronhenvl-tolvlthinmp.T hvli.socvanirtft 

FoUowing the procedure of example l(a.b) except u^g 3-chlorx)benzaldehyde 
as the aldehyde component the title compound was prepared. 
30 b) l-r3-f4-MQrphnlinvl)Drnnvn-4-f3.ch1omph,>.nv n -5-f4-nvridvnimiri^ .^u 

FoUowing the procedure of example 1(d) substituting the isocyanide prepared 
in the previous step the title compound was prepared. MS-DCI NH3 = 383 [M+H]. 

Example 60 

35 ^^3-f4-M0^pholinvl)Dronvl^-4-^■4-di^■hl^^ o phenv]V'>-r4-pvridv1'>imif1a7n ^>. 

FoUowing the procedure of example 1(d) substituting the isocyanide prepared 
in Example 67(a) the title compound was prepared, rap = 106°. 
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Example 61 

4-r4-f4-HiioroDhenvlVl-r3>f4-mQrphQlinvn propvlV5-fpvrimid«2-^^ 

a) 2-M&thvlthiopvriniidine-4-carboxaldehvde r3-f4> 
morpholinvnpropvnimine 

5 Following the procedure of example 1 (c) except using 2-methylthiopyrmii- 

dine-4-carboxaldehyde [Biedereck H. et al. Chem. Ber. 1964, 3407] afforded the 
title compound as a yellow oil. 

b) 4>r4>FluoroDhenvlV143>f4-mQrDhQlinvnpropvn-5-fpvrimid-2-Qne-4- 

10 Concentrated aqueous ammonium hydroxide (2 mL) was added to 4-{4- 

fluorophenyl)-5-[2-(raethyl&ulfinyl)-4-pyrimidinyl]- 1 -[3-(4-raorpholinyl)propyl]- 
imidazole (0,14g, 0.37 ramol) [prepared in Example 63] and the reaction mixture 
was heated to 150°C for 18 h. After cooling to ambient temperature, the 
ammonium hydroxide was decanted. The residue was purified by flash 

15 chromatography eluting successively with 4% and 10% methanol in 

dichloromethane followed by successive elutions with mixtures of 90/10/1 and 
70/30/3 chloroforra/raeflianol/concentrated ammonium hydroxide. Trituration 
with ether afforded the title compound as an off-white solid (0.035 g, 24%). 
.ESMS(m/z):384(M++H). 

20 

Ex^pte 

4-(4>Hygr9phgnyl)-g-r2-fmethylthiQ)-4-pyrimiaip 

Following the procedure of 1(d) except using 2-methylthiopyrimidine-4- 
25 carboxaldehyde [3-(4-morpholinyl)propyl]imine [prepared in Example 61(a)] 

afiforded the title compound as a yelow oil. NMR (CDCI3) 5 8.3 l(d, J = 7 Hz, 
IH), 7.64(s,lH), 7.46 (dd, 2H), 7.05(t, J = 8 Hz, 2H), 6.81(d, J = 5 Hz, IH), 4.42(t, 
J = 7.5 Hz, 2H), 3.71(t, J = 5Hz, 4H), 2,58(s, 3H), 2.37(brd. s, 4H), 2.27(t, J = 6 
Hz, 2H), 1.85(m, 2H). 

30 

Example 63 

4-f4-RuorQphenvlV5>r2>fmethvlsulfinvlV4-pvrimidin vn-l-r3-f4-mQrphQUnvlV 
propvllimidazble 

A solution of K2S2O8 (0.20 g, 0.73 mraol) in water (5 mL) was added to 
35 4-(4-fluorophenyl)-5-[2-(raethylthio)-4-pyrimidinyl]-l-[3-(4- 

morpholinyl)propyl]imidazole (0.20 g, 0.48 mraol) in glacial acetic acid (10 mL). 
After sthring at ambient temperature for 72 h, the reaction mixture was poured 
into water, neutralized with concentrated aqueous ammonium hydroxide and 
extracted four times with dichloromethane. The organic phases were combined 
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and evaporated. The residue was purified by flash chromatography eluting 
successively with 1%, 2%, 4% and 10% methanol in dichloromethane to afford 
the title compound as a clear oU (0.15 g, 73%). Ifl NMR (CDCI3) 8 8.57(d. J = 7 
Hz. IH), 7.77(s,lH), 7.47 (dd, 2H). 7.18(d, J = 5 Hz. lH)7.09(t, J = 9 Hz, 2H), 
5 4.56(m, 2H), 3.72(t, J = 5Hz, 4H). 3.0b(s, 3H), 2.40(brd. s, 4H), 2.33(t, J = 8 Hz, 
2H), 1.94(m, 2H). 

Example 64 

fEVl-(l-PrODenv1V4-r4-flnnrnp henvn-'>-r4-pvridinvlMmida7.n1ft 
10 a) Pvridine-4-carhoxal{1fthv def2-prnpp,nvl) iminA 

Pyridine-4-carboxaldehyde and 2-propenyl amine were reacted by the 
procedure of example 1(c) to afford the title compound as a yellow oil. 
fEVl-fl-Pmnenvn-4-r4-f1i^ornphp,nvn-*;- f4-pvridinvnimiria7.n1ft 
FoUowing the procedure of example 1(d) except using the compound of the 
15 previous step as the imine afforded a mixture of the title compound and l-(2- 
Propenyl)-4-(4-fluorophenyl)-5-(4-pyridinyl)imidazole. Chromatography of the 
mixture with 0 - 50% EtOAc in hexanes afforded the title compound (43%). mp = 
173.5-174.0 

20 Example 65 

l-(2-PronenvlV4-f4-flunrnphpn vn-5-r4-pvridinvlMmida7.n1p. 

Furthur chromatography of the mixture from example 64(b) afforded the tifle 
compound (54%). mp = 116.0 - 117.0 

Example 66 

^r(2-N.N-P»meT,hvlamino)l?vrimidin-4-v]l-4-f4.fliinm p henvn.l-n-r4-mnrnhn1m 
propvllimidaznlft 

Following the procedure of example 61(b) except using aqueous 
dimethylaraine afforded the tide compound as a yellow glass. ESMS (m/z): 411 
30 (M++H). 

Example 67 

l-r3-f4-Morptio1invnnroDvn-5-a-pvridinvn-4-r4.r trifluornmp.thvnphenvl1imf riaTni^ 

a) 4-trifluoromethvlnhenvl-t olvlthinmethvIisocvanide 

35 Following the procedure of example l(a,b) except using 4-trifluoromethyl- 

benzaldehyde as the aldehyde component the title compound was prepared. 

b) l-r3-f4-MorphPlinvnnronvn-S-r4lpvridinvn.4-r4- f triflunrnmP.thvi)- 
Dhenvllimidarnlft 
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The imine prepared in Example 1(c) was reacted with the isocyanide prepared 
in the previous step using the procedure of example 1(d) to prepare the title compound 
was prepared, mp 133^. 

5 Exarpple 63 

l-r3-f4-MorpholinvDpropvl1-5-f4-Dvridinvn- 4-h-ftrifluoromethvn^ 
a) 3-trifluoromethvlphenvl-tolvlthiomethvlisocvanide 

Following the procedure of example l(a,b) except using 3-trifluoromethyl- 
benzaldehyde as the aldehyde component the title compound was prepared. 
10 b) 143-f4-Mon)hoIinvnpropvl1-5-f4-Dvridinvn^r4>ftrifluor 
phenvllimidazole 

The iraine prepared in Example 1(c) was reacted with the isocyanide prepared 
in the previous step using the procedure of example 1(d) to prepare the title compound 
was prepared. ESMS = 417 [M+H] 

15 

Example 69 

1 '( Cvclopropvlmeth 3.4-dichlorQpheh vl V5-f4-pyridinynimidazQle 

a) 3.4-dichlorophenvl-tolvlthiQmethvlis6cvanid& 

. Following the procedure of example l(a,b) except using 3,4-dichlorobenzaldehyde as 
20 the aldehyde component the title compound was prepared, 

b) 1 '( CvclopropvlmetfavlM-f 3.4-dichlorophenvlV5-f4-pvridinvnimidazQle 
Following the procedure of example 1 (d) substituting the imme prepared in 

Example 27(a) and the isocyanide prepared in the previous step the title compound was 
prepared, mp = 145.5^. 
25 Example 70 

l-fCvclopropvlmethvlV4-r3-trifluoromethvlphenylV5-r4-pvridinvl)imidazole 

Following the procedure of Example 1(d) substituting the imine prepared in 
Example 27(a) and the isocyanide prepared Example 68(a) the title compound was 
prepared, mp = 105.5^. 

30 

pxynple?! 

l-fCvclopropvlmethvn-4-(4-fluorophenvl)-S-f2>m&thvlpvrid-4-vnimidazole 

a) 2-Methvlpyridine-4-carboxaldehvde fcvclopropvlmethynimine 
Reaction of 4-forrayl-2-methylpyridine [prepared in Example 33(a)] and 

35 cyclopropylmethyl amine by the procedure of example 1(c) affords the title compound 
as a yellow oil, 

b) l-fCvclopropvlmethvlV4-f4-fluorophenvlV5-f2-methvlpvrid-4-vnimidazole 
Following the procedure of example .1(d) except using the compound of the 
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previous step as the imine afforded the tide compound was as a white soUd (62% from 
the 2-aminopyrimidine aldehyde), mp = 141.0 - 141.5°. 

Example 72 

^ l-r3-f4-Mprpholipvnnropvn-5.f4-nvridinvn-^r^<;- H strifliinmm>>.thY ir^''"yn- 
imidaTinls 

a) 3,5-bistriflnnmmftthvlphftnYl -tnlvlthinTp A^h YlisncvaniriP. 

Following the procedure of example l(a.b) except using 3.5-bistrifluoromelliyl- 

benzaldehyde as the aldehyde componem the title compound was prepared. 

?-r3-f4-Momholinvl^nmpv1].';.( 4-nvriritnvn-4-p.5-hi.Qtriflnnrn. 
methvlphenyPimidazi ^lft 

Following the procedure of example 1(d) substituting the imine prepared in 
Example 1(c) and the isocyanide prepared in the previous step the tide compound was 
prepared, mp = 136.5-137.50. 



15 

Example?^ 

5-r4-f2-Aminopyriniidipy1)1-4-(4-flnoronhnivlV1-f2.carhnTv-7 9., ^i^, ^|, Y,,^ ,^ ^. ,^ 
imida7olft 

^) ?-Aminppvrimi(1ine-4-carboxald>-hvde fethvl <t-am4 n o.2.2-dini>.tiiyt. 

20 proDionateMminf t 

2-Aminopyrimidine-4-carboxaidehyde and ethyl 3-amino-2,2-dimethyl- 
propionate, 

were reacted by the procedure of example 1 (c) to afford the tide compound as a yeUow 
oil. 

^ g-r4-f2-Amtnonvriniiriinvni-4-f4-fliinmph^nYl)- 1 -f2-carhnTvPtt|Yl--> ? - 

dimethvlprn pvnimida7 ;p1<;> 

FoUowing the procedure of example 1(d) except using the compound of die 
previous step as die imine afforded die tide compound as a white soUd (1 1% from the 
amine). 

30 c) 5-r4-(2-Aminopvrjmidinvm-4-f4-fluoronhftnvlVl.n.r^r^ .. ^Y -?'^ 
dimethvlftfhvDitn idaznlft lithium 

The compound of example 73(c) was hydrolysed by die procedure of example 
37 to afford die tide compound as die Hdiium salt; (67%). ES (+) MS m/e = 356. 

3^ Examn]R74 

l-fl-Formvl-4-niT)eridinvn-4-f4-finnmp h. nvn-.5-M-p vrirfinvnimiria7niP 

l-(l-Ben2ylpiperidin-4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole (100 
mg;prepared in Example 40) was dissolved in 10% formic add/medianol under argon 
and palladium black (100 mg) mixed in 10% foraiic acid/medianol was added The 



wo 95/02591 



47 



PCT/US94/07969 



reaction was stirred under argon at room temperature for sixteen hours. The reaction 
mixture was evaporated and the residue mixed in H20/ethyl acetate and the pH taken 
■to 10. The layers were separated and the aqueous.phase extracted with ethyl acetate. 
The combined organic layers were evaporated and the residue was flash 
5 chromatographed (silica gel/mefliylene chloride/methanol) to yield the title compound, 
an off-white solid. ES {+) MS ra/e = 351 (MH+) 

Example 75 

5-f2-AmiT)o-4-pvrimidinylM-(4^fluoronhenvlVl>fUmeth vI-4>niperi 
10 a) 4-Amino- 1-methvlpiperidinft 

MvIethylpiperidin-4-one (4.22 g, 37 mraol) and an ice cold sohi of IN HCl in 
Et20 (37 mL, 37 mraol) were combined. Trituration followed by evaporation of the 
Et20 at 230 under a stream of argon afforded the hydrochloride. MeOH (1 14 mL), 
anhydrous NH4OAC (28.7, 373 mmol) and 3A molecular sieves were added. Stirred 10 

15 . min and then NaCNBHa (2.33 g, 37 mmol) was ^dded, and the mixture was stirred for 
1 h. Acidified to < pH 1 with concentrated HCl and washed with Et20. The resulting 
mixture was made basic with 50% aq NaOH and extracted with EtOAc, dried (K2CO3), 
and distilled (bp = 55 - 60° 15 mm) to afford 3.88 g (88%) of the tide compound, 
b) 2-Aminopvrimidine-4-carboxaldehvde f 1 - methvlpiperidin-4-vnimine 

20 2- Aminopyrimidine-4-carb6xaldehyde and the compound of the previous step 

were reacted by the procedure of example 1(c) to afford the title compound as a yellow 
oU. . 

b) 5'f2-Amino pvrimidin-4-vn^f4-fluorophenylVl-fl-benzvlpiDeridin-4- 
vDimidazole Following the procedure of example 1(d) except using die compound of 
25 the previous step as the imine afforded the title compound after purification by 

chromatography on silica with 0 - 10% MeOH and 0 - 1% Et^N in CH2CI2 followed by 
fractional preciptation from MeOH with Et20; as a yellow solid (20% from the amine), 
mp = 235 -2370 (dec). 

30 Examplfi70 

l-f2.2-Dimethvl-3-morpholin-4-vnDrnpvM-f4-fluQrQ phenvn-5-f2-AminQ-4- 
pyrimidiny»imid^Olg 

a) N-(l-AminQ-2,2-dimethylpropyl)m9rphO?ine 

2,2-dimethyl-3-N-morpholinyl propionaldehyde (Cheney,L.L. J. Amer. Chem. 
35 Soc. 1951, 73, p685 - 686; 855 mg, 5.0 mmol) was dissolved in Et20 (2 mL) and 1 N 
HCl in Et20 (5 mL, 5 mmol) was added. Stirred 5 min and the Et20 was evaporated in 
a stream of Ar. The solid was dissolved in anhydrous MeOH (15 mL) followed by 
anhydrous NH4OAC (3.85 g, 50 mmol), and 3A molecular sieves. Stirred 5 min and 
then NaCNBHa (0.314 g, 4.0 mraoL) was added. Stirred 45 min and coned HCl was 
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added til the reaction mixture was < pH 1. The MeOH was removed in vacuo and the 

residual mixture was dissolved in H2O (15 mL) and extracted with Et20 (25 mL). The 

aq phase was layered with another portion of EtaO andmade basic by addition of 50% 

aq NaOH til > pH 10. Extraction with EtzO (3 x 40 mL), drying (K2CO3) and 

concentration afforded the title compound (86%). 

b) 2-AminQpYrinii<|{ng4s:arboxaldphvder^-f4.Mnrphp ] TlT Y ^} -?'>- 
dimethvlproDvlliminft 

2-Aminopyriraidine-4-carboxaldehyde and the product of the previous step 
were reacted by the procedure of example 1(c) to afford the title compound as a yellow 



^) ^(?.2-Pimp.rhv]-'^-morpho1^n-4-vlWonvl^r4-ftnnrnp|| envlVS-r?■An^| n^^ 
Dvnmtdinv1Mmif1^7ft1^ 

FoUowing the procedure of example 1(d) except using the compound of the 
previous step as the imine afforded the title compound as a white soUd (16% from the 
15 amine), mp = 242 - 245° (dec.). 



Examplft77 

4-(4-By0rnphr.nvlV5-(4-mrririvn.1-O-.r.t^^yp thvi^n,iri.rnl.. 

500 mg of 4.(4-Fluorophenyl)-5-(4-pyridyl)imida20le was dried at 50* C overnight in 
20 vacuo and added to a flask containing 20 ml of dried (sieve) dimethyl f ormamide . 

(hereinafter DMF) and treated with NaH (at 0 'C), then stirred at room temperature. 

and dropwise with 2-acetoxy elhylbromide. After three days, the mixmre was poured 
into ice water, exiiacted into methyoene chloride, the organic phase washed with water, 
dried over sodium sulfate and stripped in vacuo. Flashed the residue on silica using 
25 CH2Cl2-acetone (85: 15) and eluting with increasing CH3OH from 0 to 10%. Two 
major product fractions were obtained, the pure cuts combined to give a slower eluting 
fraction and a. faster eluting isomer. These isomefs were stripped and recrystallized 
from EtOAc-hexane to give the minor isomer (slower moving) and tiie fast, major 
isomer (the titied compound). NMR (250mHz, CDCI3) shows CH2CH2 as singlet at 5 
30 4.1 ppm, very clean, H-ortho to F, triple t at 6.9 ppra. Cal'd C:66.60, H:4.86 N-12 92- 
Found C:67.10. 67.03 H:5.07. 4.94 N: 13.08. 13.09. IR (nujol mull) shows 1740 cm" 1 
(sharp, ester). 

METHODS OF TREATMF.NT 
35 The compounds of Formula (I) or a phacraaceutically acceptable salt thereof can 

be used in the manufacture of a medicament for the prophylactic or therapeutic 
treatment of any disease state in a human, or other mammal, which is exaceri)ated or 
caused by excessive or unregulated cytokine production by such mammal's cell, such 
as but not limited to monocytes and/or macrophages. 
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Compounds of Formula (I) are capable of inhibiting proinflammatory 
cytokines, such as IL-1, IL-6, IL-8 and TNF and are therefore of use in therapy. IL-1, 
IL-6. ILr8 and TNF affect a wide variety of cells and tissues and these cytokines, as 
well as other leukocyte-derived cytokines, are important and critical inflammatory 
5 mediators of a wide variety of disease states and conditions. The inhibition of these 
pro-inflammatory cytokines is of benefit in controlling, reducing and alleviating many 
of these disease states. 

Accordingly, the present invention provides a method of treating a cytokine- 
mediated disease which comprises administering an effective cytokine-interfering 
10 amount of a compound of Formula (I) or a pharmaceutically acceptable salt thereof 
In particular, compounds of Formula (I) or a pharmaceutically acceptable salt 
thereof are of use in the prophylaxis or therapy of any disease state in a human, or other 
mammal, which is exacerbated by or caused by excessive or unregulated lL-1, IL-8 or 
TNF production by such mammal's cell, such as, but not limited to, monocytes and/or 
15 macrophages. 

Accordingly, in another aspect, this invention relates to a method of inhibiting 
the production of IL-1 in a mammal in need thereof which comprises administering to 
said mammal an effective amount of a compound of Formula (T) or a pharmaceutically • 
• acceptable salt thereof 
20 There are many disea]se states in which excessive or unregulated XL- 1 

production is implicated in exacerbating and/or causing the disease. These include 
rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syiidi-ome, other 
acute or chronic inflammatory disease states such as the inflammatory reaction induced 
by endotoxin or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle 
25 degeneration, multiple sclerosis, cachexia, bone resorption, psoriatic arthritis, Reiter's 
syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella arthritis and acute 
synovitis. Recent evidence also links IL-1 activity to diabetes, pancreatic B ceUs and 
Alzheimer*s disease. 

In a further aspect, this invention relates to a method of inhibiting the 
30 production of TNF in a mammal in need thereof which comprises administering to said 
mammal an effective amount of a compound of Formula (I) or a pharmaceutically 
acceptable salt thereof 

Excessive or unregulated TNF production has been implicated in mediating or 
exacerbating a number of diseases including rheumatoid arthritis, rheumatoid 
35 spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions, sepsis, septic 
shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcoisosis, bone resorption diseases, such as osteoporosis, reperfusion 
iAj^ry» vs. host reaction, allograft rejections, fever and myalgias due to infection. 
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such as influenza, cachexia secondary to infection or malignancy, cachexia secondary 
to acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related 
complex), keloid formation, scar tissue formation, Crohn's disease, ulcerative colitis 
and pyresis. 

Compounds of Formula OD are also useful in flie treatment of viral infections, 
where such viruses are sensitive to uprcgulation by TNF or will eHcit TNF production 
in vivo. The viruses contemplated for treatment herein are fliose that produce TOP as a 
result of infection, or tiiose which are sensitive to inhibition, such as by decreased 
repUcation, directiy or indirectiy, by tiie TNF inhibiting-compounds of Fonnula (1). 
Such viruses include, but are not limited to HIV-1, HIV-2 and HIV-3, Cytomegalovirus 
(CMV). Influenza, adenovirus and tiie Herpes group of viruses, such as but not limited 
to. Herpes Zoster and Herpes Simplex. Accordingly, in a further aspect, tius invention 
relates to a method of treating a mammal afflicted with a human immunodeficiency 
virus (HIV) which comprises administering to such mammal an effective TNF 
inhibiting amount of a compound of Formula (I) or a pharmaceutically acceptable salt 
thereof. 

Compounds of Formula (1) may also be used in association wiOi the veterinary 
tieatment of mammals, otiier than in humans, in need of inhibition of TOF production. 
TNF mediated diseases for treatment, therapeutically or prophylactically, in animals 

20 include disease states such as tiiose noted above, but in particular viral infections. 
Examples of such viruses include, but are not limited to, Antivirus infections such as, 
equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi vims or 
retrovirus infections, such as but not limited to feline immunodeficiency vims (FIV), 
bovine immunodeficiency vims, or canine immunodeficiency virus or otiier retrovir^ 

25 infections. 

Hie compounds of Fonnula (1) may also be used topically in the treatinent or 
prophylaxis of topical disease states mediated by or exacerbated by excessive cytokine 
production, such as by IL-1 or TNF respectively, such as inflamed joints, eczema, 
psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye 
conditions including conjunctivitis; pyresis, pain and otiier conditions associated mth 
inflammation. 

Compounds of Fonnula (I) have also been shown to inhibit tiie production of 
IL-8 (Interleukin-8, NAP). Accordingly, in a further aspect, tiiis invention relates to a 
metiiod of inhibiting tiie production of 11^8 in a mammal in need tiiereof which 
comprises administering to said mammal an effective amount of a compound of 
Formula (I) or a pharmaceutically acceptable salt tiiereof. 

There are many disease states in which excessive or unregulated IL-8 
production is irapUcated in exacerbating and/or causing flie disease. These diseases are 
characterized by massive neuttophil infiltration such as, psoriasis, inflammatory bowel 
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disease, asthma, cardiac and renal reperftision injury, adult respiratory distress 
syndrome, thrombosis and glomerulonephritis. All of these diseases are associated 
with increased 11^8 production which is responsible for the chemotaxis of neutrophils 
into the inflammatory site. In contrast to other inflammatory cytokines (JLr 1 , TNF, 
5 and IL-6), IL-8 has the unique property of promoting neutrophil chemotaxis and 
activation. Therefore, the inhibition of lL-8 production would lead to a direct 
reduction in the neutrophil infiltration. 

The compounds of Formula (I) are administered in an amount sufficient to 
inhibit cytokine, in particular IL-1, IL-6, IL-8 or TNF, production such that it is 
10 regulated down to normal levels, or in some case to subnormal levels, so as to 

ameliorate or prevent the disease state. Abnormal levels of IL-1, IL-6, IL-8 or TNF, 
for instance in the context of the present invention, constitute: (i) levels of free (not cell 
bound) IL-1, IL-6, IL-8 or TNF greater than or equal to 1 picogram per ml; (ii) any cell 
associated IL-1, IL-6, IL-8 or TNF; or (iii) the presence of EL-l, IL-6, IL-8 or TNF 
15 mRNA above basal levels in cells or tissues in which IL-1, IL-'6, IL-8 or TNF, 
respectively, is produced. 

llie discovery that the compounds of Formula (I) are inhibitors of cytokines, 
specifically IL- 1 , 11^6, IL-8 and TNF is based upon the effects of the compounds of 
■ Formulas (I) on the production of the IL-1, IL-8 and TNF in in vitro assays which are 
20 described herein. 

As used herein, the term "inhibiting the production of IL-1 (IL-6, IL-8 or TNF)" 
refers to: 

a) a decrease of excessive in vivo levels of the cytokine (11^ 1, ILr6, IL-8 or 
TNF) in a human to normal or sub-normal levels by inhibition of the in vivo release of 

25 the cytokine by all cells, including but not limited to monocytes or macrophages; 

b) a down regulation, at the genomic level, of excessive in vivo levels of the 
cytokine QL-l, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels; 

c) a down regulation, by inhibition of the direct synthesis of the cytokine (IL-l, 
IL-6, IL-8 or TNF) as a postranslational event; or 

30 d) a down regulation, at the translational level, of excessive in vivo levels of the 

cytokine (DL-l, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels. 

As used herein, the term "TNF mediated disease or disease state" refers to any 
and all disease states in which TNF plays a role, either by production of TNF itself, or 
35 by TNF causing another monokine to be released, such as but not limited to IL-1, IL-6 
or IL-8. A disease state in which, for instance, IL-1 is a major component, and whose 
production or action, is exacerbated or secreted in response to TNF, would therefore be 
considered a disease stated mediated by TNF. 
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As used herein, the term "cytokine" refers to any secreted polypeptide that 
affects the functions of cells and is a molecule which modulates interactions between 
ceUs in the immune, inflammatory or hematopoietic response. A cytokine includes, but 
is not limited to. monokines and lymphokines. regardless of which cells produce them. 
5 For instance, a monokine is generally referred to as being produced and secreted by a 
mononuclear ceU. such as a macrophage and/or monocyte. Many other cells however 
also produce monokines, such as natural killer cells. fibix)blast5, basophils, neutrophils, 
endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes 
and B-lyraphocytes. Lymphokines are generaUy referred to as being produced by 
10 lymphocyte ceUs. Examples of cytokines include, but are not limited to, Interleukin-1 
(IL-1). Interleukin-6 (IL-6). Interleukin-8 (IL-8). Tumor Necrosis Factor-alpha (TNF- 
a) and Tumor Necrosis Factor beta (TNF-6). 

As used herein, the term "cytokine interfering" or "cytokine suppressive 
amount" refers to an effective amount of a compound of Formula (I) which will cause a 
15 decrease in the in vivo levels of the cytokme to normal or sub-flormal levels, when 
given to a patient for the prophylaxis or treatment of a disease state which is 
exacerbated by. or caused by. excessive or unregulated cytokine production. 

As used herein, the cytokine referred to m the phrase "inhibition of a cytokine, 
for use in the treatment of a HIV-infected human" is a cytokine which is impUcated in 
20 (a) the initiation and/or maintenance of T ceU activation and/or activated T ceU- 
mediated HIV gene expression and/or repUcation and/or (b) any cytokine-mediated 
disease associated problem such as cachexia or muscle degeneration. 

As TNF-6 (also known as lymphotoxin) has close structural homology with 
TNF-a (also known as cachectin) and since each induces similar biologic responses 
and binds to the same cellular receptor, both TNF-a and TNF-B are inhibited by the 
compounds of the present invention and thus are herein referred to collectively as 
"INF" unless specifically delineated otherwise. ' 

In order to use a compound of Formula (I) or a phaimaceutically acceptable salt 
thereof in therapy, it will normally be Formulated into a pharmaceutical composition in 
30 accordance witii standard pharmaceutical practice. This invention, therefore, also 

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a 
compound of Fonnula (I) and a pharmaceuticaUy acceptable carrier or diluent 

Compounds of Formula a), pharmaceutically acceptable salts tiiereof and 
pharmaceutical compositions incorporating such may convenientiy be administered by 
any of tiie routes conventionaUy used for drug administration, for instance, orally, 
topically. parenteraUy or by inhalation. TTie compounds of Formula (I) may be 
administered in conventional dosage forms prepared by combining a compound of 
Formula (I) witii standard pharmaceutical carriers according to conventional 
procedures. The compounds of Formula Q) may also be administered in conventional 
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dosages in combination with a known, second therapeutically active compound. These 
procedures may involve mixing, granulating and compressing or dissolving the 
ingredients as appropriate to the desired preparation. It will be appreciated that the 
form and character of the pharraaceutically acceptable character or diluent is dictated 
5 by the amount of active ingredient with which it is to be combined, the route of 

administration and other well-known variables. The carrier(s) must be "acceptable" in 
the sense of being compatible with the other ingredients of the Formulation and not 
deleterious to the recipient thereof. 

The pharmaceutical carrier employed may be, for example, either a solid or 

10 , liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, talc, gelatin, agar, 
pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid 
carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or 
diluent may include time delay material well known to the art, such as glyceryl raono- 
stearate or glyceryl distearate alone or with a wax. 

15 A wide variety of pharmaceutical forms can be employed. Thus, if a solid 

carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in 
powder or pellet form or in the form of a troche or lozenge. The amount of solid 
carrier will vary widely but preferably will be from about 25mg. to about Ig. When a 
liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft 

20 gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid 
suspension. 

. Compounds of Formula (I) may be administered topically, that is by non- 
systemic administration. This includes the application of a compound of Formula (I) 
externally to the epidermis or the buccal cavity and the instillation of such a compound 

25 into the ear, eye and nose, such that the compound does not significantly enter the 
blood stream. In contrast, systemic administration refers to oral, intravenous, 
intraperitoneal and intramuscular administration. 

Formulations suitable for topical administration include liquid or semi-liquid 
preparations suitable for penetration through the skin to the site of inflanmiation such 

30 as liniments, lotions, creams, ointments or pastes, and drops suitable for administration 
to the eye, ear or nose. The active ingredient may comprise, for topical administration, 
from 0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation. 
. It may however comprise as much as 10% w/w but preferably will comprise less than 
5% w/w, more preferably from 0.1% to 1% w/w of the Formulation. 

35 Lotions according to the present invention include those suitable for application 

to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally 
containing a bactericide and may be prepared by methods similar to those for the 
preparation of drops. Lotions or liniments for application to the skin may also include 
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an agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a 
moisturizer such as glycerol or an oil such as castor oil or arachis oil. 

Creams, ointments or pastes according to the present invention arc serai-soUd 
Formulations of the active ingredient for external appUcation. They may be made by 
mixing the active ingredient in finely-divided or powdered form, alone or in solution or 
suspension in an aqueous or non-agueous fluid, witii die aid of suitable machinery 
with a greasy or non-greasy base. The base may comprise hydrocarbons such as hard 
soft or Uquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural 
ongm such as almond, com. aiachis. castor or oKve oil; wool fat or its derivatives or a 
fatty acid such as steric or oleic acid together with an alcohol such as propylene glycol 
or a macrogeL The Formulation may incorporate any suitable surface active agent such 
as an amonic, cationicornon-ionic surfactant such as a sorbitan ester or a 
polyoxyetiiylene derivative tiiereof. Suspending agents such as natural gums. ceUulose 
denvattves or inorganic materials such as siUcaceous silicas, and otiier ingredients such 
15 as lanolin, may also be included. 

Drops according to tiie present invention may comprise sterile aqueous or oily 
solutions or suspensions and may be prepared by dissolving tiie active ingredient in a 
suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any otiier 
suitable preservative, and preferably including a surface active agent Hie resulting 
solution may tiien be clarified by filtration, transferred to a suitable container which is 
tiien sealed and sterilized by autoclaving or maintaining at 98-100 ' C. for half an hour 
Alternatively, tiie solution may be sterilized by filtration and transferred to the 
container by an aseptic technique. Examples of bactericidal and fungicidal agents 
suitable for inclusion in flie drops arc phenyhnercuric nitrate or acetate (0 002%) 
25 benzalkonium chloride (0.01%) and chloriiexidine acetate (0.01%). Suitable solvents 
for tiie preparation of an oUy solution include glycerol, dUuled alcohol and propylene 
glycol 

Compounds of formula a) may be administered parenterally, tiiat is by 
intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or 
intraperitoneal administration. The subcutaneous and intramuscular forms .of 
parenteral administration arc generally preferred. Appropriate dosage forms for such 
admimstiation may be prepared by conventional techniques. Compounds of Formula 
(D may also be administered by inhalation, tiiat is by intranasal and oral inhalation 
administration. Appropriate dosage forms for such administration, such as an aerosol 
Formulation or a metered dose inhaler, may be prepared by conventional techniques 
For all metiiods of use disclosed herein for tiie compounds of Formula a) the 
daily oral dosage regimen wiU preferably be from about 0.1 to about 80 mg/kg of total 
body weight, preferably from about 0.2 to 30 mg/kg. more preferably from about 0 5 
mg to 15mg. The daily parenteral dosage regimen about 0.1 to about 80 mg/kg of total 
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(. body weight, preferably from about 0.2 to about 30 rag/kg, and more preferably from 

about 0.5 rag to 15mg/kg. The daSy topical dosage regimen will preferably be from 
0.1 mg to 150 mg, administered one to four, preferably two or three times daily. The 
dafly inhalation dosage regimen will preferably be from about 0.01 rag/kg to about 1 
5 rag/kg per day. It will also be recognized by one of skill in the art that the optimal 
quantity and spacing of individual dosages of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof will be determined by the nature and extent of 
the condition being u^ated, the form, route and site of administration, and the particular 
patient being treated, and that such optimums can be determined by conventional 
10 techniques. It will also be appreciated by one of skill in the art that the optimal course 
of treatment, i.e., the number of doses of a compound of Formula (I) or a 
pharmaceutically acceptable salt thereof given per day for a defined number of days, 
can be ascertained by those skUled in the art using conventional course of treatment 
determination tests. 

- 15 The invention will now be described by reference to the following biological 

examples which are merely illustrative and are not to be construed as a limitation of the 
scope of the present invention. 

^ PIOLOGTCAL EXAMPLE? 

20 The cytofcLne-inhibitihg effects of compounds of the present invention were ' 

determined by the following in vitro assays: 
Interleukin - 1 (IL-1) 

Human peripheral blood monocytes were isolated and purified from either fresh 
blood preparations from volunteer donors, or from blood bank buffy coats, according to 

25 the procedure of Colotta et al, J Immunol, 132, 936 (1984). These monocytes (1x10^) 
were plated in 24-well plates at a concentration of 1-2 million/ml per well. The cells 
were allowed to adhere for 2 hours, after which time non-adherent cells were removed 
by gentle washing. Test compounds were then added to the cells for Ih before the 
addition of lipopolysacchaiide (50 ng/ml), and the cultures were incubated at 37^0 for ' 

30 an additional 24h. At the end of this period, culture super-natants were removed and 
clarified of cells and all debris. Culture supematants were then immediately assayed 
for IL-1 biological activity, either by the method of Simon et al, J. Immunol. Methods, 
84, 85, (1985) (based on ability of E^l to stimulate a Interleukin 2 producing cell line 
(EL-4) to secrete IL-2, in concert with A23187 ionophore) or the method of Lee et al, 

35 L ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). The compounds of Formula (I), 
as evidenced by Examples 1 to 24 were shown to be inhibitors of in vitro IL-1 
produced by human monocytes. 
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Tumour Necrosis Factor (TNF): 

Human peripheral blood monocytes were isolated and purified from either 
blood bank buffy coats or plateletpheresis residues, according to the procedure of 
Colotta. R. et al J Immunol. 132(2). 936 (1984). The monocytes were plated at a 
density of lxl06 cells/ml medium/well in 24-weU multi-dishes. The ceils were 
allowed to adhere for 1 hour after which time the supernatant was aspirated and fresh 
medium (1ml. RPMI-1640. Whitaker Biomedical Products. Whitaker. CA) containing 
1% fetal calf serum plus penicillin and streptomycin (10 units/ml) added. Ue cells 
were incubated for 45 minutes in the presence or absence of a test compound at InM- 
lOmM dose ranges (compounds were solubilized in dimethyl sulfoxide/ethanol. such 
that the final solvent concentration in the culture medium was 0.5% dimethyl ' ' 
sulfoxide/0.5% ethanol). Bacterial lipopoly-saccharide {E. coli 055:B5 [LJPS] from 
Sigma Chemicals Co.) was then added (100 ng/ml in 10 ml phosphate buffered saline) 
and cultures mcubated for 16-18 hours at in a 5% CO2 incubator. At the end of 
the incubation period, culture supematants were removed from' the cells, centrifuged at 
3000 rpra to remove cell debris. TTie supernatant was then assayed for TOF activity 
usmg either a radio-immuno or an ELBA assay, as described in WO 92/10190 and by 
Becker era/., J Immunol. 1991.147,4307. llie compounds of Formula (1) as 
evidenced by Examples 1 to 24 were shown to be mhibitois of in vitro TNF produced 
20 by human monocytes. 
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. IL-1 and TNF inhibitory activity does not seem to correlate with the property of 
the compounds of Formula (D in mediating arachidonic acid metaboUsm inhibition 
Further the abiUiy to inhibit production of prostaglandin and/or leukotriene synthesis 
by nonsteroidal anti-inflammatory drugs with potent cyclooxygenase and/or 
lipoxygenase inhibitory activity does not mean that the compound wiU necessarily also 
inhibit TNF or IL-1 production, at non-toxic doses. 

Interleukin -8 (IL-8): 

Primary human umbilical cord endothelial cells (HUVEC) (CeU Systems 
Kirland. Wa) are maintained in culmre medium supplemented with 15% fetal bo^e 
serum and 1% CS-HBGF consisting of aFGF and heparin. Tkc ceUs are then dUuted 
20-fold before-being plated (250|xl) into gelating coated 96-well plates Prior to use 
culmre medium are replaced with fresh medium (200^1). Buffer or test compound ' 
(25fil. at concentrations between 1 and IOmM) is flien added to each well in 
quadrupUcate weUs and the plates incubated for 6h m a humidified incubator at 37°C in 
an atmosphere of 5% CO2. At the end of the incubation period, supernatant is 
removed and assayed for IL-8 concentration using an IL-8 EUSA kit obtained from 
R&D Systems (Mimieapolis. MN). All data is presented as mean value (ng/ml) of 
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multiple samples based on the standard curve. ICso's where appropriate are generated 
by non-linear regression analysis. 

Cytokine Spedflc Binding Protein Assay 
5 A radiocompetitive binding assay was developed to provide a highly 

reproducible primary screen for structure-activity studies. This assay provides many 
advantages over the conventional bioassays which utilize freshly isolated human 
monocytes as a source of cytokines and ELISA assays to quantify them. Besides being 
a much more facile assay, the binding assay has been extensively validate'd to highly 

10 correlate with the results of the bioassay. A specific and reproducible CSAID'^ 

cytokine inhibitor binding assay was developed using soluble cystosolic fraction from 
THP.l cells and a radiolabeled compound. For instance, a suitable radiolabeled 
compound of this CSAID ™ cytokine inhibitor class is 4-(Fluorophenyl)-2-(4- 
hydroxyphenyl-3,5-t2)-5-(4-pyridyl)imidazole. In brief, the THP. 1 cytosol was 

15 routinely prepared from cell lysate obtained by nitrogen cavitation followed by a 10 K 
X g low speed and a 100 K x £ high speed centrifugation, the supernatant of which was 
designated as the cytosolic fraction. THP.l cytosol was incubated with appropriately 
diluted radioligand at room temperature for a pre-determined time to allow the binding 
to achieve equilibrium. The sample was added to a G-10 column and eluted with 20 

20 mm TRN, 50mMb - meicaptoethanol. NaNs^ The fraction encompassing the void 
volume was collected and the radioactivity was assessed by liquid scintillation 
counting. This was determined to reflect bound radioligand since the radioactive signal 
was abrogated by the presence of excess cold ligand in the incubation mixture or when 
there was no cytosolic fraction present Compounds of Formula (I) at various doses 

25 were added to the binding assay to achieve inhibition of binding of the radiolabel. 
IC50S as well as Ki values were determined by regression analysis and scatchard plot 
analysis respectively. There is generally excellent correlation betWeen the IC50 of , 
compounds tested in both the binding assay and the bioassay and can be used 
interchangeably in many cases. 

30 Patent AppUcation USSN 08/123175 Lee et aL, fded September 1993 whose 

disclosure is incorporated by reference herein in its entirey describes the above noted 
method for screening drugs to identify compounds which interact with and bind to the 
cytokine specific binding protein (hereinafter CSBP). However, for purposes herein 
the binding protein may be in isolated form in solution, or in immobilized form, or may 

35 be genetically engineered to be expressed on the surface of recombinant host cells such 
as in phage display system or as fusion proteins. Alternatively, whole cells or cytosolic 
fractions comprising the CSBP may be employed in the creening protocol. Regardless 
of the form of the binding protein, a plurality of compounds are contacted with the 
binding protein under conditions sufficient to form a compound/ binding protein 
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complex and compound capable of forming, enhancing or interfering with said 
complexes are detected. 



10 



15 



More specifically, the Binding Assay is performed as follows: 

MATERTAT,S r 

Incubation buffer: 20 mM Tris. 1 mM MgCIs. 20 mM Hepes. 0.02% NaNs. store at 
4 C. Elution buffer: 20 raM Tris, 50 mM 2-mercaptoetfaanol. NaNg, store at 4"C 

G-lOSephadex: add 100 gSephadexG-10 (Pharmacia. Uppsala. Sweden) to 400 mL 
dd H2O and aUow to sweU at room temperature for 2 hours. Decant fines and wash 3 
times. Add NaNs and qs with dd H2O to 500 mLs and store at 4'C. 
AssgmMg Columns : Straw column, filter frit and tip (Kontes. SP 420160^. 420162- 
002). Lowsorb tubes (Nunc) used in binding reaction. IHP.l cytosol spun at 15000 
rpm for 5 min to clarify. THP. 1 cytosol prepared by hypnotic treatment of ceUs and 
lysis by decompression in nitrogen. Nuclei and membrane fragments removed by 
differential centrifiigation (10,000 g for Ihour and 100,000 g for 1 hour). 

Non-radioactive Compound I with corresponding EtOH control (dilutions 
made in incubation buffer) and Sfl-Compound I (dilutions in incubation buffer) 

■ METHOD: 
20 A. Column Preparation 

1. Begin 30 min before anticipated elution of reaction mixture. 
. 2. Add 3 mL of G-10 slurry to column for bed vol of 1.5 ml. 

3. Rinse with 7 mL elution buffer (fill to top of column) 

4. Cut colimins down to size. 
25 B. Sample Incubation 

1. 15 min incubation at 4°C. 

2. Binding reaction mixture; 100 fiL dytosol. 10 uL cold Compound I or 
EtOH control, 10 pL SH-Compound I (molar concentration depends 

on nature, of study). 

^ ^- "Pree" control = 100 jiL incubation buffer in Ueu of cytosol. 

preparation. 

C. Sample Elution 

1. Eluteat4°C. 

2. Add total reaction volume to G-10 column. 
Add 400 \iL elution buffer to column and discard eluate. 
Add 500 nL elution buffer to colmnn, collecting eluted volume in 20 
ml scintillation viaL 

5. Add 15 mL Ready Safe scintillation fluid. 

6. Vortex and count in liquid scintiUation counter for 5 minutes. 



35 3 
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Include a "total input counts control" (10 M.L of labeled ligand). 
D. Data Analysis 

1. Plot DPMS as ouptut in graphic form and analyze by regression analysis and 
"Lundon ligand binding" software for the determination of IC 50 and Kd/Ki 

5 respectively. 

2. Rank order the IC50s of the tested compounds in the bioassay and 
compare to that generated by the binding assay and establish a 
correlation curve. 

10 The binding assay was further validated by the following criteria : THP.l cytosol . 
demonstrated saturable and specific binding of the radiolabeled compound. 

Preparation of 4-(Fluorophenyl)-2-(4-hydrqxyphenyl-3,5-t2)-5-(4-pyridyl)imidazole, 
(Compound I). 

15 A 2.9 mg (0.0059 ramol) portion of 2-(3,5-Dibrorao-4-hydroxyphenyl)-4-(4- 

fluorophenyl)-5-(4-pyridyl)imidazole. Compound I(p), was dissolved in 0.95 raL of dry 
DMF and 0.05 mL of triethylamine in a 2,4 mL round bottom flask equipped with a 
• small magnetic stirring bar. A 1,7 mg portion of 5% Pd/C (Engelhard lot 28845) was 
added, and the flask was attached to the stainless steel tritium manifold. The mixture 

20 was degassed through four freeze-pump-thaw cycles, then tritium gas (5,3 Ci, 0.091 
mmol) was introduced. The reaction mixture was allowed to warm to room temperature 
and was stirred vigorously for 20h. The mixture was frozen in liquid nitrogen, the 
remaining tritium gas (2.4 Ci) was removed, and the flask was removed from the 
manifold. The reaction mixture was transferred, using 3x1 mL of methanol as rinsings, 

25 into a 10 raL round bottom flask, and the solvents were removed by static vacuum 

transfer. A 1.5 mL portion of methanol was added to the residue, then removed by static 
vacuum transfer. The latter process was repeated. Finally, the residue was suspended in 
1.5 mL of ethanol and filtered through a syringe-tip Millipore filter (0.45 micron), along 
with 3 X ca. 1 mL ethanol rinsings. The total filtrate volume was determined to be 3.9 

30 mL, and the total radioactivity, 94.2 mCi. Solution was determined to be 3.9 mL, and the 
total radioactivity, 94.2 raCi. HPLC analysis of filtrate (Partisil 5 ODS-3, 4.6 mm LD. x 
. 25 cm, 1 mUmin of 70:30:01 water/acetonitrile/trifluoroacetic acid, Radiomatic Flo-One 
Beta radio detector with 3 mUmin of Ecoscint-H cocktail through a 0.75 mL cell) 
showed the presence of Compound I (R^ = 60 min. ca. 37% of total radioactivity), and a 

35 discrete intermediate presumed to be the monobromo derivative Compound la (Rt = 1 1.8 
min, ca. 9%). 

The filtrate solution was evaporated to near dryness with a su-eara of nitrogen, 
and the residue was dissolved in about 1.2 mL of the HPLC mobile phase. The solution 
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was separated by HPLC as shown below, and the peaks corresponding to Compounds I 
and la and SB collected separately. 
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HPLC Method 
Column 



MobUe Phase 

Flow Rate 
UV detection 
Injection Volumes 
Retention Times 



Altex Ultrasphere 
10 mm LD. x 25 cm 
70:30:0.1 

water/acetonitrile/trifluoroacetic acid 
5 mL/min 
210nra 
0,05 -0.4 m: 
7.8 min Compound I 
24 min Compound la 
Hie pooled Compound I fractions totaled 32 mL in volume and the radioactive 
concentration was 1.52 mCi/mL (total 48.6 m Ci). The pooled SB Compound la [3h] 
fractions (totaling 10. 1 mCi) were evaporated to dryness and the residue was transferred 
quantitatively into a glass vial using 3.8 mL of absolute ethanol for further analysis. 

An 8 mL (12.2 mCi) portion of Compound I was evaporated to dryness in 
vacuo at <35^C, then redissoived m 0.5 mL of mobile phase. THe whole volume was 
mjected into the HPLC system described above, and the appropriate peak was 
collected. Evaporation of the collected eluate in vacuo at <35"C and transfer of the 
yeUow residue into a vial with absolute ethanol provided a solution (3.8 mL, 2.44 
mCi/mL) of Compomid L The portion of this solution used for NMR analyses was first 
evaporated to dryness using streani of nitrogen then taken up in CD3OD. 

Analysis of 4-(4-Huorophenyl)-2-(4.hydroxyphenyl-3,5-t2)-5-(4. 
pyridyl)imidazole, Compound I. 



Radiochem tca] Purity ^ 
Method 
Column 



Mobile Phase 

Flow Rate 
Mass detection 
Radioactivity detection 

Scintillator 

Flow rate 

Cell volume 
Retention time 
Result 



Ultrasphere Octyl, 5rara, 4.6 mm 
LD. X 25 cm, Beckman 
350:150:0.5(v/v/v) 

watet/acetonitrile/trifluoroacetic acid 
1.0 mL/min 

UVat210nm 

Raraona-D radioactivity flow detector 
Tru-Count (Tru-Lab Supply Co.) 
5.0mUmin 
0.75 mL 
7.7 min 

. 
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Radioactive Concentration by Scintillation Counting 
Method 

Sdntillator Ready Safe (Beckman Instruments, Inc.) 

Instrument TM Analytic model 688 1 

Efficiency Automated DPM calculation from quench curve 

Result 2.44mCi/mL 

Specific Activity by Mass Spectrometrv 



Result 



Method 
Instrument 
Experiment 



Peak Referencing 
Solvent 



CI-MS, NH3 reagent gas 
20.0Ci/mmbl 
3h Distribution: 

Unlabeled 44% 
' Single Label 43% 
Double Label 13% 



BninkerAM400 

Proton decoupled 3h NMR 

Proton non-decoupled NMR 

Proton non-decoupled NMR 

Solvent Peak of methanol 3 3.3 

Methanol-d4 

Tritium is incorporated exclusively on the carbon 
atoms ortho to aromatic hydroxyl group 



Analytical Summary 
A$$ay 

Radiochemical purity detemined by HPLC 
Radioactivity concentration determined by scintillation 
counting 

Specific activity determined by mass spectrometry 
3hNMR 



Result 
98.7% 

2.44mCi/mL 



20.0 Ci/mmol 
agrees with the 
proposed structure 



Representative compounds of Formula (I), Examples 1 to 77, but for the 
compound of example 2- not tested and compound of Example 72, have all 
demonstrated a positive inhibitory activity in this binding assay. 



10 



The above description fuUy discloses the invention including preferred 
embodiments diereof. Modifications and improvements of the embodiments 
specifically disclosed herein are within the scope of the following claims. Without 
further elaboration, it is believed that one skilled in the are can, using the preceding 
description, utilize the present invention to its fullest extent Therefore the Examples 
herein are to be construed as merely illustrative and not a limitation of the scope of the 
present invention in any way. The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows. 
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What is Claimed is: 

1. A compound represented by the formula : 



a) 

Rl IS 4-pyiidyl, pyrimidinyl. quinolyl, isoquinolinyl, quinazoIin-4-yl, l-imidazolyl or 
l-benzimidazolyl, which heteroaryl ring is optionaUy substituted with one or two 
substituents each of which is independenfly selected from Cm alkyl. halogen 
hydroxy!. C1-4 alkoxy. Cm alkylthio. Cm alkylsulfmyl, CH2OR12, NRiqRiO 
or an N-heterocycIyl ring which ring has from 5 to 7 membere and optionaUy 
contams an additional heteroatora selected from oxygen, sulfur or NRis- 
R4 is phenyl. naphth-I-yl or naphth-2-yl, or a heteroaryl. which is optionally 

substituted by one or two substituents. each of which is independently selected and 
which, for a 4-phenyI, 4-naphth-l-yl. 5-naphth-2-yl or 6-naphth-2-yl substitiuJnt, 
IS Mogen, cyano. nitro, -C(Z)NR7Ri7, -C(Z)0Ri6. -(CRloR20)mCORi2. -SR5. 
-SOR5, .OR12. halo-substituted<:M alkyl, Cm alkyl. -ZC(Z)Ri2, 
-NRl0C(Z)Ri6. or -(CRloR20)mNRioR20 and which, for other positions of 
substitution, is halogen, cyano. -C(Z)NRi3Ri4. -C(Z)0R3. -(CRioR20)mCOR3, 
-S(0)niR3, -OR3, halo-substituted-CM alkyl, -Cm alkyl, 
-(CRioR20)mNRioC(Z)R3. -NRioS(0)mR8. -NRioSCOWNRyRn. -ZC(Z)R, 
or-(CRioR20)mNRi3Ri4; 

R2 is Ci-io alkyl N3, -(CRioR20)n" OR9. heterocyclyl, heterocyclylCMo alkyl 
Ci-iOalkyl. halo-substituted Cmq alkyl. C2.10 alkenyl. C2.10 alkynyl, C3 7 
cycloalkyl, C3-7cycloalkylCi.io alkyl. C5-7 cycloalkenyl. 
C5-7cycloalkenyl-Ci.io-alkyl. aryl. aiylCMO alkyl. heteroaryl. 
heteioaryl-Ci.iO-alkyl, (CRioR20)nORi 1. (CRioR20)nS(0)raRi8. 
(CRl0R20)nNHS(O)2Ri8. (CRioR20)nNRi3Rl4, (CRioR20)nN02. 
(CRl0R20)nCN. (CRioR20)n'S02Ri8. (CRioR20)nS(0)n,'NRi3Ri4, 
(CRl0R20)nC(Z)Rii. (CRioR20)nOC(Z)Rn, (CRioR20)nC(Z)ORii. 
(CRioR20)nC(Z)NRi3Ri4, (CRioR20)nC(Z)NRiiOR9, 
(CRloR20)nNRl0C(Z)Rii.(CRioR20)nNRl0C(Z)NRi3Ri4, 

(CRl0R20)nN(OR6)C(Z)NRi3Ri4.(CRi0R20)nN(OR6X:(Z)Rii 
(CRl0R20)nC(=NOR6)Rii.(CRi0R20)nNRl0C(=NRi9)NRi3Ri4 
(CRl0R20)nOC(Z)NRi3Ri4. (CRioR20)nNRioC(Z)NRi3Ri4. 
(CRioR20)nNRlOC(Z)ORio. 5-(Ri8)-1.2,4-oxadizaol-3-yl or 
4-(Ri2)-5-(Ri8Ri9)-4.5-dihydro-l,2.4-oxadia2ol-3-yl; wherein the aiyl, aiylalkyl. 
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(. . ■ heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be 

optionally substituted; 
n is an integer having a value of 1 to 10; 
ri' is 0, or an integer having a value of 1 to 10; 
5 raisO,.ortheintegerl or2; 
Z is oxygen or sulfur; 
ra* is 1 or 2, 

R3 is heterocyclyl, heterocyclylC i- lo alkyl or Rg; 

R5 is hydrogen, Ci-4 alkyl, C2-4 alkenyl, C2.4 alkynyl or NR7R17, excluding the 
10 moeities -SR5 being -SNR7R17 and -SOR5 being -SOH; 

Rg is hydrogen, a pharraaceutically acceptable cation, Ci-io alkyl, C3.7 cycloalkyl, 
aryl, arylC^ alkyl, heteroaryl, heteroarylalkyl, heterocyclyl, aroyl, or Ci-io 
alkanoyl; 

R7 and Ri7 is each independently selected from hydrogen or C1-4 alkyl or R7 and R17 
15 together with the nitrogen to which they are attached form a heterocyclic ring of 5 
to 7 members which ring optionally contains an additional heteroatom selected 
from oxygen, sulfur or NR15; 
R8 is Cmo alkyl, halo-substituted Ci-io alkyl, C2AO alkenyl, C2-IO alkynyl, C3.7 
/ cycloalkyl, C5-7 cycloalkenyl, aryl, aiylC i-io alkyl, heteroaryl, heteroarylCMO 

20 alkyl, (CRioR20)nORll, (CRioR20)nS(0)mRl8t (CRioR20)nNHS(0)2Rl8, 
(CRioR20)nNRl3Rl4; wherein the aryl, arylalkyl, heteroaryl, heteroaryl alkyl 
may be optionally substituted; 
R9 is hydrogen, -C(Z)Rii or optionaUy substituted Ci-io alkyl, S(0)2Rl8» optionally 
substituted aiyl or optionally substituted aryl-Ci-4 alkyl; 
25 Rio and R20 is each independently selected from hydrogen or C 1^ alkyl; 

Rl 1 is hydrogen, Cmo alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Ci-ioalkyl, 

aryl, arylCi-io alkyl, heteroaryl or heteroarylCj-io alkyl; 
R12 is hydrogen or R16; 

Rl3 and R14 is each independently selected from hydrogen or optionally substituted 
30 Cm alkyl, optionally substituted aryl or optionally substituted aryl-C 1^4 alkyl, or 
together with the nitrogen to which they are attached form a heterocyclic ring of 5 
to 7 members which ring optionally contains an additional heteroatom selected 
. . from oxygen, sulfur or NR9; 

Rl5 is RlO OT C(Z)-Ci-4 alkyl; 
35 R16 is.Ci-4 alkyl, halo-substituted-Ci-4 alkyl, or C3-7 cycloalkyl; 

RI8 is Cmo aDcyl, C3.7 cycloalkyl, heterocyclyl, aryl, arylalkyl, heterocyclyl, 

heterocyclyl-Ci-loalkyl, heteroaryl or heteroarylalkyl; 
Rl9 is hydrogen, cyano. Cm alkyl, C3-7 cycloalkyl or aryl; 
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or a pharmaceutically acceptable salt thereof. 



2. me compound according to Qaim 1 wherein Ri is an optionally substituted 4- 
pyridyl or4-pyriminindyl. 

5 

3. The compound according ix, Qaim 2 wherein the optional substituent is methyl or 
amino. ^ 



4. The compound according to Claim 2 wherein R4 is an optionally substituted 
10 phenyl. 

5. me compound according to Claim 4 wherein the phenyl is substimted one or more 
^es m^endenfly by halo.-SRs. -S(0)R5. -OR12. halo-substituted-CM alkyl. or 



15 



30 



35 



6. me compound according to Claim 1 wherein R2 is selected from Ci 10 alkyl 
optionally substituted heterocylcyl optionally substiuted heterocyclylCi in alkvi 
(CRl0R20)nNS(O)2Ri8. (CRioR20)nS(0)„,Ri8.arylCi.io. alkyl, 
(CRi0R20)nNRl3Rl4. optionally substituted C3-7cycioalkyl. or optionally 

20 substituted Cs-ycydoalkylCno alkyl. 

7. me compound according to Claim 1 wherein R2 is moipholino propyl, piperidine 
N-metiiylpiperidine, or N-benzylpiperidine. 

25 8. me compound according to Claim 1 which is: 

l-[3.(.UMorpholinyl)propyl]-4-(4-nuorophenyl)-5-(4-pyridyl^^^ 
l-(3<:hloiopropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imida2ole; 
l-(3-Azidopropyl)-4-(4-nuoiDphenyl>5-(4-pyridyl)imida2ole; 
l-(3-AminopropylH-(4-fluorDphenyl).5-(4-pyridyl)imidazole; 
l-(3-Methylsulfonamidopropyl)-4-(4-nuorophenyl>5-(4-pyridyl)imida20^ 
l-[3-(N-Phenylmethyl)aminopropyl].4-(4.fluorophenyl)-5.(4-pyrid^^^^^ 

l-[3-(N-Phenyhnetiiyl-N-methyl)aminopropylH-(4-fluoiophenyl).5-(4- 
pyridyl)imidazole; 

l-[3-(l-Pyrrolidinyl)propyl]-4-(4-fluorophenyl)-5-(4-pyridyI)imida2ole- 
l-(3-Diethylaminopropyl)-4-(4-nuorophenyl)-5-(4-pyridyl)imidazole- ' 
l-[3-(l-Piperidinyl)propyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole- 
l-[3-(Methylthio)propyl]^(4-fluorophenyl)-5-(4-pyridyl)imida^^^^ 
l-[2-(4-Morpholinyl)ethyI]-4-(4-nuorophenyl)-5-(4-pyridy0^^^ 
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\ l-[3-(4-MorpholinyI)propyl]-4-(3-methylthiophenyl)-5-(4-pyri^ 

l-[3-(4-MorphoIinyl)propyl]-4-(3-raethyisiilfmylphenyl)-5-(4-p^ 
143KN-raethyl-N-benzyl)aminopropyl]-4-(3-methylthibphenyl)-5-(^^^ 
pyridyl)imidazole; ' . 

5 l-[3-(N-methyl-N-ben2yl)aminopropyl]-4-(3-methylsulfmy^^ . 
pyridyl)imidazole; 

l-[4-(MethyltMo)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)ra^ 

l-:[4-(Methylsulfcyl)phenyl]-4-(4-fluorophenyl)-5K4-pyri^ 

l-[3-(Methylthio)phenyl]-4-(4-fluorophenyl)-5-(4-p^ 

10 l-[3-(Methylsulfmyi)phenyl]-4-(4-nuorophenyl)T5-(4-pyridyl^^ 
l-[2-(Methylthio)phenyl]-4-(4-fluorophenyl)-5-(4-pyridyl)m^ 
l-[2-(Methylsulfmyl)phenyl]-4-(4~fluorophenyl)-5-(4-pyridyl^ 
l-[4-(4-Moq}holinyl)butyl]-4-(4-fluorophenyl)-5-(4-pyridyl)imidazob 
l-Cyclopropyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 

15 l-Isopropyl-4-(4-fluorophenyl)-5-(4-pyridyl)iinidazole; 

l-C^clopropylraethylT4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-tert-Butyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(2,2-Diethoxyethyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidaz^^ 
l-Formylmethyl-4-(4-fluorophenyl)-5-(4-pyridyl)m^ ' 

20 . l-Hydroxyiminylmethyl-4-(4-fluorophenyl)-5-(4^pyn ; 
l-Cyanomethyl-4-(4-fluorpphenyl)-5-(4-pyridyl)indd .1 
l-[3K4-Morpholinyl)propyl)-4-(4"fluorophenyl)-5-(2-raethy^^ 
4-(4-Huorophenyl)-l-[3-(4-moipholiriyl)prbpyl]-5-(2-cl& imidazole; 

4- (4-Huorophenyl)- l-[3-(4-morpholinyl)propyl]-5-(2-amin6-^ imidazole; 
25 l-(4-Carboxymethyl)propyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole;^ 

l-(4~Carboxypropyl)-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole; 
l-(3<^arboxymethyl)ethyl-4-(4-fluorophenyI)-5-(4-pyridyl)iinidazole . 
l-(3-Carboxy)ethyl-4-(4-£luorophenyl)-5-(4-pyridyl)imidazole; 
1 - ( 1 -B enzylpiperidin~4-yl)-4-(4-fluorophenyl)-5-(4-pyridyl) imidazole; 
30 5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-[3-(4-Morpholinyl)propyl] imidazole; 

5- (2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(l-benzylpiperidin-4-yl)imida^^ 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(2-propyl)imidazole; 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(cyclopropylmethyl)imid^^ 
5-(2-Aminopyrimidin-4-yl)-4-(4-fluorophenyl)-l-(l-carboxyethyl-4- 

^ 35 pipeiidinyl)imidazole; 

5-(2-Arainopyriraidin--4-yl)-4-(4-fluorophenyl)-l-(4-piperidinyI) imidazole; 

l-Methyl-4-phenyl-5-(4-pyridyl)imidazole; 

l-Methyl-4-[3-(chlorophenyl)]-5-[4-pyiidinyl]imidazole; 
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l-MethyI-4-(3-methylthiophenyl)-5-(4-pyndyI)iniida2ole; 

l-Methyl-4-(3-methylsulfmylphenyl)-5K4-pyridyl)imida^ole; 

(W-(4-Huorophenyl)-l-[3Kmethylsulfinyl)pro^^^^ 

4-(4-Huorophenyl>l.[(3.methyIsulfonyl)propyl3-5-(4-py^^^^^ 
5 lK3-PhenoxypropyI)^(4.fluorophenyl)-5.(4-pyridinyl)iimd^^^ 
l-[3.(PhenyItMo)propyl]-4-(4-naorophenyl)-5-(4-pyridm^^^ 
l-[3<4-Morpholmyl)propyl]-4-(4-flQorophenyI)-5-(4^um^^^^ 
W-lK3-Phenylsu]fmylpropyl)-4-(4-fluorophenyl>^^ 
l-(3-EthoxyprDpyl)-4-(4-fluorophenyl).5.(4.pyridmyl)imito^^ 
10 l-(3-Phenykulfonylpropyl-4-(4-nuorophenyI),5-(4-pyridinyl)im 
l-[3-(4-MorphoIinyl)propyl]^(3-cWorophenyl)-5K4-pyridyl)^^ 

l-[3-(4-Moipholinyl)propyI]^(3.4^HcMorophenyl)-5-(4-pyridyl^^^ 
4.[4-^HuorophenyIH43-(4-mon)holinyI)pr^^^^^ 

'^(4-Huorophenyl)-5-[2-(methylthio)-4-pyrinaidinyI]-l-[3-^ ' 
15 imidazole; fj j 

4-(4-Huorophenyl>5-[2-(methyl5ulfmyl)-4-pyrimidm^^^ 
propyljimidazole; 

(E^l-(l-Pn)penyl)^4-fluorophenyI)-5-(4-pyridinyl)imidazole; 
l-(2-Propenyl)-4-(4-fluorophenyl)-5<4.pyridinyl)inuda2ole; 
20 H(2-N.N-Dimethylamino)pyriniidin-4-yl]-4-(4-fluom^ 

propyl]iniidazole; r j / 

-3-(4-MorpholmyI)propyl]-5-(4-pyridinyl)-4-[^^^^ 

l-(Cyclopropylmethyl)-4-(3,4-dicWorophenyl)-5-(4-pyri^^^ " ' ' 

25 J-(Q^clopropylme%l)^(3-trifluoromethyl^^^^^^^ 

l-(CyclopropyImethyl)^(4-fluorophenyl)-5.(2-methylpyrid-^^^^ 

l-[3-(4.Morpholinyl)propyl].5-(4.pyridinyl)^(33-bistt^^ 

imidazole; 

5-[4-(2-Aminopyiimidinyl)]^(4-fluoiophenyl).l-(2-carb^^^ 
30 ethyl)imidazole; 

l-(l-Fomyl-4-piperidmyI)-4-(4-fluorophenyl)-5K4-pyridmyl)imid^^^ 
5-(2-A^ino-4-pj^^^^ 

l-(2.2-Dunethyl-3-morphoIin-4-yl)propyMK4-fluorophenyl)-5-(^^^ 
pyrimidinyl)imidazole; 

35 4-(4-Huorophenyl)-5.(4-pyridyl)-l-a^^^^^^ or phannaceuticaUy 

acceptable salts thereof. ' 
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9. 



A pharmaceutical composition comprising a compound according to any one of 



Claims 1 to 8 and a pharmaceutically acceptable carrier or diluent 

10. A method of treating a cytokine mediated disease, in a mammal in need thereof, 
5 which comprises administering to said mammal an effective amount of a compound of 

Formula (I) according to Claim 1. . 

11. The method according to claim 10 wherein the mammal is afflicted with a 
cytokine mediated disease selected from rheumatoid arthritis, ±eumatoid spondylitis, 

10 osteoarthritiSt gouty arthritis and other arthritic, conditions, sepsis, septic shock, 

endotoxic shock, gram negative sepsis, toxic shock syndrome, asthma; adult respiiratory 
distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis, 
pulmonary sarcososis, bone resorption diseases, osteoporosis, reperftision injury, graft 
vs. host reaction, allograft rejections, Crohn's disease, ulcerative colitis or pyresis. 



12. The method according to Claim 10 wherein the disease state is mediated by 
IL-1, n-6, IL-8,orTNF. 

13. The method according to Claim 1 1 wherein the cytokine mediated disease state 
20 is asthma or arthritis. 

14. A method of treating inflammation in a mammal in need thereof , which 
comprises administering to said mammal an effective amount of a compound of 
Formula (I) according to Qaim 1. 



15. A method of treating asthma in a mammal in need thereof, which comprises 
administering to said mammal an effective amount of a compound of Formula (I) 
according to Claim 1. 

30 . 16. A process for preparing a compound of Formula (I) as defined in Claim 1 which 
comprises reacting a compound of the Formula (H) : 



15 



25 



Ar-S(0)p 




35 with a compound of the Fonnula (III): 
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m 



V 

H 



wherein p is 0. 1 or 2; and Rj, and R4 are as defined in.Claim 1 or are precursors 
of the groups R], R2 and R4 and Ar is an optionally substituted phenyl group, and 
thereafter if necessary convertmg a precursor of Rj, Rj and R4 to a group R,, R, and 
R4. 



17. A compound of the Formula (H) according to Claim 16 with the proviso that 
when ArS(0)p is tosyl R4 is not unsubstituted phenyl. 

10 

18. A compound of the Formula (II) according to Claim 16 wherein p is 0 or 2. 



15 



19. A method of inhibiting cytokines, in a mammal in need thereof, which 
comprises administering to said mammal an effective amount of 4-phenyl.5.[4. 
pyridyl)imidazole. 
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